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PREFACE    TO    VOL.   III. 

Special  efForts  have  been  made  in  order  to  issue  this  third  volume 
at  an  early  date.  While,  however,  it  appears  almost  simultaneously 
with  the  German  edition,  it  has  been  subject  to  considerable  revision. 
Recent  English,  American,  and  Continental  work  has  been  added 
to  the  text  and  bibliography,  and  several  sections  have  been  partially 
rewritten. 

The  subjects  dealt  with  are  those  of  particular  interest  to  the 
spedaUst  and  the  practitioner,  and  they  are  accordingly  considered 
in  greater  detail  than  was  permissible  in  the  preceding  volumes. 

It  was  felt  than  an  Appendix  containing  the  analysis  and  calorific 
values  of  the  commoner  foods  would  make  the  book  more  useful  in 
everyday  practice.  Such  has  therefore  been  prepared  specially  for 
this  English  edition,  the  values  for  cooked  as  well  as  for  uncooked 
foods  being  calculated  for  the  English  as  well  as  for  the  metric 
system  of  weights. 

I  have  to  thank  each  of  the  translators  for  their  assistance,  and 
for  the  interest  they  have  manifested  during  the  preparation  of  the 
work.  To  Professor  Halliburton,  Dr.  F.  W.  Mott,  Dr.  E.  I.  Spriggs, 
and  others,  I  am  indebted  for  much  information  on  certain  subjects. 

I.  WALEEB  HALL. 
Bbistol, 

Augu9t,  1907. 
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So  long  as  we  know  no  more  about  the  nature  of  the  diabetic  process  than 
we  do  at  present  we  must,  in  common  with  former  generations,  define 
diabetes  mellitus  in  terms  of  its  most  important  clinical  symptom — as  a 
chronic  disease  in  which  grape-sugar  is  excreted  in  the  urine. 

This  definition,  however,  needs  certain  limitations,  of  which  the 
following  may  be  mentioned  : 

1.  The  quantity  of  sugar  must  be  demonstrable  by  the  ordinary 
clinical  tests.  The  question  whether  normal  urine  contains  traces  of 
grape-sugar,  to  be  detected  only  by  the  most  delicate  methods,  may  be 
left  for  the  moment. 

2.  The  grape-sugar  must  occur  in  the  urine  when  the  carbohydrate 
in  the  food  is  not  more  than  that  in  ordinary  human  diet,  or  when  the 
carbohydrate  food  is  reduced  in  quantity  or  even  stopped  altogether. 
Oases  where  glycosuria  only  occurs  after  partaking  of  unusually  large 
quantities  of  carbohydrate  can  scarcely  be  regarded  as  diabetes  mellitus 
in  a  clinical  sense. 

3.  The  tendency  to  glycosuria  must  be  persistent — ^that  is  to  say,  it 
must  last  at  least  some  weeks  or  months.  There  are  many  conditions 
of  ill-health  in  which  a  temporary  disposition  to  glycosuria  occurs.  Such 
are  not  called  diabetes  mellitus,  although  there  is  considerable  evidence 
that  in  both  cases  the  glycosuria  has  the  same  fundamental  cause  (see 
Anomalies  of  Pancreatic  Function). 

In  order  not  to  load  this  chapter  with  questions  which  have  only  a 
slight,  and  perhaps  even  only  an  apparent,  connection  with  true  diabetes 
mellitus,  certain  forms  of  carbohydrate  excretion,  such  as  pentosuria, 
the  pure  form  of  l»vulosuria,  and  phloridzin  diabetes,  are  considered  in 
a  separate  chapter. 
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L— THE  PATHOGENESIS  OP  GLYOOSURLL- 

Physiology  teaches  us  that  the  nonnal  quantiiy  of  sugar  in  human 
blood  is  about  1  part  per  thousand.  According  to  twenty  recent  observa- 
tions made  in  my  wards  by  Stem  and  liefmann,  the  minimum  »  0-65,  the 
maximum  « 1*06,  the  average  —  0*86.  These  were  the  quantities  actually 
present  as  grape-sugar,  the  results  being  similar  to  the  previous  observa- 
tions of  Pickardt,  Miura,  and  Hanriot  (1).  Whether  or  not  the  sugar 
in  the  blood  demonstrable  by  analysis  exists  as  free  glucose,  or  partly  or 
wholly  in  loose  combination  with  other  molecules — for  example,  as 
jecorin  or  as  colloid  sugar — ^is  a  question  which  is  discussed  in  Vol.  I. 
In  passing,  it  may  be  mentioned  that  it  seems  more  than  probable  that 
Fischer's  isomaltose  is  present  in  the  blood  [F.  W.  Pavy  and  R.  L.  Slau  (2)]. 
It  is  not  known  to  have  any  relationship  with  diabetes. 

Some  experiments  of  Embden's,  in  which  he  perfused  blood  through 
the  liver,  suggest  that  the  blood  contains  some  antecedent  of  sugar 
whose  nature  is  not  yet  established  (2a). 

The  kidneys  are  impervious  to  the  quantities  of  sugar  mentioned 
above.    Glycosuria  occurs : 

1.  When  the  kidneys  from  any  cause  become  less  impervious  to 
sugar.  This  is  typically  the  case  in  phloridzin-poisoning  (compare  the 
chapter  on  Toxicology  of  Metabolism).  It  is  uncertain  whether  or  not 
circumstances  may  arise  in  human  pathology  in  which  the  kidneys 
become  abnormally  pervious  to  sugar,  a  condition  which  one  might 
term  "  renal  diabetes  mellitus." 

2.  When  the  blood  from  any  cause  becomes  abnormally  rich  in  sugar 
(hyperglycaemia).  It  has  been  generally  assumed  since  the  time  of 
Claude  Bernard's  classical  researches  that  hyperglycBBmia  is  the  immediate 
cause  of  diabetic  glycosuria. 

3.  When  the  sugar  in  the  blood  is  less  firmly  combined  than  usual. 
This  is  a  newer  theory  of  the  origin  of  diabetic  glycosuria.  It  is  based 
on  the  discovery  that  in  the  organs  [Drechsel  (3)]  and  in  the  blood  [Baldi, 
Jacobsen,  Bing,  von  Heniiques  (4)]  part  of  the  sugar  is  combined  with 
lecithin  in  the  form  of  jecorin.  Kolisch  (6)  has  propounded  the  view 
that  the  kidneys  may  be  impervious  to  jecorin,  but  not  to  free  glucose. 
The  normal  blood  sugar  may  be  jecorin.  It  is  possible  that  in  diabetes 
the  power  to  form  jecorin  is  defective,  so  that  abnormal  quantities  of 
free  glucose  are  present  in  the  blood,  and  thence  are  excreted  by  the 
kidneys.  If  this  be  so,  it  is  not  simple  hyperglycemia  which  is  the 
cause  of  glycosuria,  but  a  pathological  change  in  the  constitution  of  the 
sugar  in  the  blood.  This  hy{)othesis,  however,  is  now  discarded,  partly 
through  the  work  of  Bing  (4),  partly  because  some  new  researches  of 
Kolisch  and  von  Stejskal's  (6)  have  shown  that  Kolisch's  former  methods 
were  unreliable. 

Although  upon  various  grounds  it  seems  likely  that  the  sugar  does 
not  circulate  free  in  the  blood,  but  perhaps  in  colloid  combination  and 
form,  yet  our  present  knowledge  upon  this  point  a£fords  no  firm  basis 
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apon  which  to  found  a  theory  of  diabetes.  Indeed,  it  is  not  definitely 
established  that  there  is  any  difference  between  the  healthy  and  the 
diabetic  blood  sugar.  This  aspect  of  the  question  will  not  be  further 
discussed  here. 


A.— OLTCOSURIA  DUE  TO  UHDUE  PERMEABILITT  OF  THE 
KIDNEYS  TO  SUGAR— REHAL  DIABETES. 

It  has  been  mentioned  that  phloridzin-poisoning  leads  to  a  true  renal 
diabetes.  This  important  discovery  of  von  Mering's  (7)  will  not  be  more 
fully  discussed  just  now.  It  is  known  that,  though  diseased  kidneys  with 
degenerate  epithelium  might  well  be  expected  to  let  sugar  through  more 
easily  than  do  healthy  kidneys,  the  facts  show  this  not  to  be  so.  Bather  is 
the  reverse  the  case,  to  judge  from  clinical  experience.  Diabetics  often 
pass  less  sugar,  or  even  become  cured  of  their  glycosuric  tendency,  if 
chronic  Bright's  disease  develops  as  a  complication  (8).  This  fact  has 
been  long  familiar  to  physicians,  and  has  recently  become  more  and 
more  established.  I  could  quote  several  examples  from  my  own  practice. 
We  are  ignorant  of  the  reason  why,  but  it  seems  certain  that  in  some 
severe  forms  of  nephritis  the  kidneys  exhibit  a  diminished  permeability 
to  sugar.  There  is  then  very  little  sugar  in  the  urine  and  much  sugar 
in  the  blood.  Achard  has  published  one  clinical  observation  of  this 
kind  (9).  Perhaps  a  case  of  Lupine's  (10)  should  be  put  into  this  category. 
In  my  wards  recently  there  was  a  patient  suffering  from  slight  diabetes 
and  advanced  Bright's  disease,  laical  uraemia  set  in.  The  blood  con- 
tained the  enormous  amount  of  0*85  per  cent,  of  sugar ;  the  urine  at  the 
same  time  contained  only  1-4  per  cent.  Such  figures  are  an  obvious  and 
remarkable  departure  from  the  usual  condition  of  affairs. 

Probably  the  sudden  drop  in  the  sugar  in  the  urine  in  the  final  coma 
and  death  agony  is  at  least  partly  to  be  explained  by  deficient  kidney 
activity.  In  one  such  case — and  without  nephritis,  be  it  noted — ^we 
foimd  1*01  per  cent,  of  sugar  in  the  blood,  and  in  the  urine  only  traces. 
It  is  true  that  in  many  of  these  cases  the  diminished  intake  of  food 
accounts  for  the  drop.  Clinical  observations  are  supported  by  experi- 
mental work.  In  dogs  from  whom  the  pancreas  has  been  ablated,  and  in 
whom  kidney  complications  have  been  produced  by  chromic  acid  poison- 
ing, Schupfer  (11)  has  demonstrated  a  diminished  glycosuria;  whilst 
Bichter,  Ellinger,  and  Seelig  (12)  showed  there  was  a  simultaneous  rise  in 
the  sugar  in  the  blood.  Stagnation  of  blood  sugar,  the  result  of  kidney 
insufficiency,  can  only  explain  the  phenomena  when  they  are  transient, 
as  in  the  death  agony.  For  the  explanation  of  the  lasting  decrease  of 
glycosuria  after  the  onset  of  chronic  nephritis  other  causes  must  be 
sought  for.  At  the  moment,  however,  there  are  practically  no  data  avail- 
able for  discussion.  The  conditions  just  described  are  the  exact  con- 
verse of  that  which  we  have  termed  "  renal  diabetes,"  the  fundamental 
cause  of  which,  as  we  have  said,  would  be  an  abnormaUy  free  permea- 
bility of  the  kidneys  for  sugar. 

34—2 


630  THE  PATHOLOGY  OP  METABOLISM 

On  the  other  hand,  Jacobi  pointe  out  that  ca£feine,  which  stimulates 
the  renal  epithelium,  favours  the  occurrence  of  alim^itary  glycosuria  in 
rabbits  (13).  He  suggests  that  here  both  the  increased  outflow  of  urine 
and  the  glycosuria  depend  upon  a  renal  factor.  Neumann  believes  he 
has  met  with  the  same  phenomena  in  man  (14).  In  a  patient  suffering 
from  heart  disease  diuretin  not  only  produced  a  greatly  increased  urine 
excretion,  but  also  a  temporary  glycosuria,  which  was  not  otherwise 
present  in  this  patient. 

Schupfer  maintains  a  similar  view,  but  found  glycosuria  only  resulted 
when  quite  considerable  quantities  of  sugar  were  given  in  the  food  at 
the  same  time  (11).  Strauss  carried  out  the  same  cUnical  experiment, 
and  found  the  result  negative  (16).  I  have  again  and  again  given  large 
quantities  of  sugar  and  other  carbohydrates  to  patients  with  cardiac 
and  renal  disease  at  the  height  of  diuretin  diuresis,  and  never  once  have 
I  met  with  the  results  mentioned  by  Neumann.  The  test  must  be  fol- 
lowed by  positive  results  in  a  large  number  of  cases  before  it  will  be  safe 
to  refer  the  resulting  glycosuria  to  a  renal  origin.  Richter,  in  a  very 
careful  piece  of  work,  has  shown  that  in  the  diuretin  glycosuria  there 
is  an  increased  percentage  of  sugar  in  the  blood.  He  compares  the  con- 
dition to  the  ordinary  form  of  '* hepatogenous  glycosuria"  (16).  Rose 
and  Schilling  (17)  confirm  this  statement. 

We  must  not  forget  an  observation  of  Richter's  and  Kossa's  upon 
animals  (17).  They  found  that  extremely  slight  affections  of  the  kidney, 
such  as  result  from  minute  doses  of  cantharides  and  chromic  acid,  seem 
to  favour  the  onset  of  glycosuria,  whereas  severe  nephritis  is  unaccom- 
panied by  sugar  in  the  urine.  In  Richter's  experiments,  however,  the 
glycosuria  cannot  have  been  purely  renal,  because  there  was  a  distinct 
though  slight  rise  in  the  sugar  in  the  blood  at  the  same  time.  The 
question  arises  whether  the  cantharides  may  not  have  an  important 
action  upon  the  pancreas  in  addition  to  that  which  it  exerts  upon  the 
kidneys.  Kossa  found  no  hyperglycsemia,  but  the  glycosuria  was  so 
slight  that  the  necessary  increase  in  the  sugar  of  the  blood  was  perhaps 
so  little  as  to  fall  within  the  limits  of  error  of  the  analyses. 

Turning  now  to  the  cUnical  aspect  of  diabetes,  there  are  extremely 
few  observations  capable  of  assisting  us  to  answer  the  question  one  way 
or  the  other.    For  the  diagnosis  of  a  renal  diabetes  it  would  be  necessary^ — 

1.  That  the  glycosuria  should  be  within  wide  limits  independent  of 
the  amount  of  carbohydrate  taken  in  the  food. 

2.  That  the  sugar  in  the  blood  should  at  least  not  be  increased,  but 
should  rather  be  diminished,  as  it  is  in  phloridzin  diabetes,  in  consequence 
of  the  drainage  of  sugar  from  the  kidneys. 

^  Some  authorities,  partioiilarly  Naiinyn  (18),  inBist,  farther,  that  there  must  be  a 
definite  time-relation  between  the  onset  of  the  kidney  disease  and  of  the  glycosuria. 
Naunyn  is  inclined  to  speak  of  renal  diabetes  even  when  a  veritable  Bright's  disease 
without  doubt  preceded  tne  diabetes.  If  this  be  granted,  it  would  place  the  conception  of 
"  renal  diabetes  "  upon  quite  a  different  basis  to  that  in  our  text.  It  would  no  longer  be 
a  question  of  whether  or  not  there  is  a  form  of  diabetes  in  which  the  kidneys  excrete 
sugar  with  the  urine  from  increased  permeability,  the  sugar  in  the  blood  being  normal  or 
less  than  normal.  From  Naunyn's  observations  we  will  only  borrow  this  interesting  and 
important  clinical  fact:  that  granular  kidney  patients  relatively  seldom  suffer  from 
diabetes,  whereas  the  reverse  re&tionship  is  much  more  common. 
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Of  these  two  points,  I  consider  the  former  to  be  the  less  important. 
The  same  phenomena  occur  in  the  most  manifold  forms  and  degrees 
even  in  ordinary  diabetes  mellitus.  I  will  only  mention  here  my  experi- 
ence with  the  "  oats  cure  "  of  diabetics.  Patients  who  passed  much 
sugar  in  their  urines  even  on  the  most  rigid  diabetic  diet  within  a  short 
while  were  passing  no  sugar  at  all  when  they  took  large  quantities  of 
oats — ^up  to  250  grammes  and  more  daily.  In  early  cases  of  diabetes  the 
rule  seems  to  me  to  be  that  the  glycosuria  varies  widely  and  quite  inde« 
pendently  of  any  progressive  increase  in  the  carbohydrate  diet.  In 
some  disorders  of  the  circulation,  in  acromegaly,  and  in  cases  of  cerebral 
tumour  accompanied  by  glycosuria,  I  have  for  a  long  time  noticed  the 
same  thing,  until  later  an  ordinary  severe  diabetes  developed,  and  the 
amount  of  glycosuria  became  much  more  closely  related  to  the  amount 
of  sugar  in  the  food. 

The  second  point  is  certainly  the  more  important,  provided  the  con- 
ditions included  in  the  first  are  at  the  same  time  fulfilled. 

Klemperer  has  described  one  case  which  has  been  often  quoted,  but 
which  is  very  difficult  to  understand.  The  sugar  in  the  urine  was  0*35 
per  cent.,  that  in  the  blood  0*18  per  cent.  (19).  We  cannot  agree  with 
Naunyn  in  regarding  this  proportion  of  sugar  in  the  blood  as  smaU. 
Ltithje  once  found  sugar  in  the  blood  0*05  per  cent.,  in  the  urine 
0*65  per  cent. ;  so  small  a  proportion  of  sugar  in  the  blood  is  very  im- 
probable. Liithje  himself  now  doubts  that  his  case  can  be  accepted  as  a 
proof  of  the  existence  of  a  **  renal  diabetes."  Kolisch  and  Buber  (19) 
once  found  5  per  cent,  of  sugar  in  the  urine,  with  0*14  per  cent,  in  the 
blood,  a  dijSerence  which,  after  more  recent  observations,  does  not  appear 
so  remarkable  as  it  did  formerly  (19)  {vide  infra). 

The  material  to  hand,  to  which  perhaps  may  be  added  one  or  two 
observations  made  by  myself,  is  very  scanty.  The  conclusions  permitted 
by  even  these  few  cases  are  rendered  very  indefinite  by  the  well-known 
difficulty  of  estimating  sugar  in  the  blood  with  anything  like  accuracy. 
Too  much  is  seldom,  too  little  very  often,  found,  even  by  the  most  careful 
workers,  on  account  of  the  sources  of  analytic  error.  A  broader  basis 
of  comparative  analyses  of  sugar  in  the  urine  in  the  blood  is  urgently 
needed  before  one  can  base  upon  them  the  existence  of  a  renal  diabetes. 
The  matter  is  of  great  importance,  and  fundamental  in  the  study  of 
diabetes.  Further,  there  must  be  proof  from  the  wards  that  the  cases 
diagnosed  as  ''renal  diabetes"  exhibit  permanent  differences  from 
ordinary  cases  of  diabetes  mellitus,  and  not  only  during  a  few  weeks 
or  months.  It  would  then  be  a  question  of  an  entirely  different 
disease,  agreeing  with  true  diabetes  mellitus  only  in  the  glycosuria 
and  in  the  phenomena  directly  dependent  upon  this.  A  priori,  the 
existence  of  renal  diabetes  would  be  expected,  for  the  possibility 
that  the  kidneys  may  become  pervious  to  sugar  under  the  influence 
of  spontaneous  disease  or  of  certain  endogenous  or  exogenous  poisons 
has  been  clearly  established  since  the  discovery  of  phloridzin  diabetes. 
Nevertheless,  the  foundations  of  the  clinical  symptomatology  of 
"  renal  diabetes  "  are  still  to  be  laid.  It  is  as  yet  but  a  castle  in 
the  air. 
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The  question  whether  or  not  there  is  any  "  renal  element "  in  diabetic 
glycosuria  was  first  raised  by  Lupine  (20),  and  again  brought  up  by 
Klemperer.  Li  the  light  of  present-day  knowledge  it  may  be  answered 
as  follows : 

1.  There  are  certainly  kidney  disorders  which  hindw  the  passage  of 
sugar  into  the  urine. 

2.  There  is  an  experimental  form  of  diabetes  dependent  upon  abnormal 
permeability  of  the  kidneys.  Phloridzin  diabetes  is  of  this  nature,  and 
possibly  other  toxic  glycosurias  also  (caffeine  ?). 

3.  The  existence  of  a  renal  diabetes  as  an  independent  disease  has 
not  yet  been  proved  (21). 


B.— GLYCOSURIA  DUE  TO  HYPERGLYCiEMIA. 

It  has  been  generally  held  since  Qaude  Bernard's  classical  researches 
that  hyperglycemia  is  the  actual  cause  of  the  escape  of  sugar  through 
the  kidneys  in  diabetes  (22).  The  kidneys  are  only  impervious  to  a 
certain  percentage  of  sugar  in  the  blood.  What  are  the  limits  ?  Claude 
Bernard  used  inexact  methods,  but  estimated  the  percentage  in  normal 
blood  approximately,  regarding  0-2  to  0*3,  and  even  0*4  per  cent,  as 
healthy.  According  to  later  researches  by  Pavy,  Se^en,  and  particularly 
Naunyn,  and  others  (23),  we  must  regard  anything  in  excess  of  0*15  per 
cent,  as  hyperglycsemia.  Probably  the  normal  limit  is  even  lower  in  man. 
Naunyn  puts  the  reducing  power  of  normal  human  blood  at  0*08  to  0*09 
per  cent,  of  grape-sugar.  The  observations  made  in  my  own  laboratory 
gave  figures  even  lower  than  this,  and  0-1  per  cent,  of  grape-sugar  prob- 
ably constitutes  hyperglycsemia.  In  diabetic  men  the  values  found  have 
been  almost  without  exception  higher.  Frerichs,  Pavy,  Seegen,  and 
Naunyn  frequently  found  0*3  to  0*4  per  cent.  (24).  The  highest  figures 
recorded  are  those  of  Naun3m  (0*7  per  cent.)  and  Lupine  (20)  (1-06  per 
cent.).  I  have  mentioned  two  analyses  in  which  0*86  per  cent,  and 
1*01  per  cent,  were  present.  In  dogs,  after  extirpation  of  the  pancreas, 
the  sugar  in  the  blood  is  considerably  increased  in  a  similar  way.  This 
was  firat  shown  by  the  observations  of  von  Mering  and  Minkowski  in 
pancreatic  diabetes  (25),  and  has  been  thoroughly  confirmed,  notably 
by  Lupine  (26). 

Some  authors — ^for  example,  Pavy — ^believe  there  is  a  regular  rela- 
tionship between  the  sugar  of  the  urine  and  that  of  the  blood  ;  others — 
for  instance,  Frerichs  and  Naunyn — could  find  no  such  arithmetic  pro- 
portions.   The  following  is  Pavy's  (23)  table  : 

Suqar  in  1,000  ParU  of  Blood,  Suffar  in  1,000  ParU  of  Urine. 

6*76  109-9 

5-54  94-1 

4-97  93-4 

2-79  45-5 

2*62  61*3 

1*85  481 

1*54  31*8 
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In  my  own  wards  H.  liefmann  and  B.  Stem  found  : 

8%Qar  in  1,000  ParU  of  Blood.  Sn^ar  in  1,000  PmrU  of  Urine. 
2-30  >20  (two  eBtimations). 

2-41  10-20  (two  eBtimatioDs). 

1-74  6-10  (three  estimatiozis). 

1-66  TraoeB-6  (six  eBtimatioiis). 
1-32  0  (six  eetimationa). 

In  cases  oompUoated  with  nephritis  without  uraBmia  : 

SuQor  in  1,000  Parts  of  Blood.  Sngar  in  1,000  ParU  of  Urine, 

3*23  >20  (two  estimatioDB). 

1-44  0  (three  eBtimations). 

The  following  table  shows  the  quantity  of  sugar  in  the  blood  of 
patients  who  had  been  rendered  aglycosuric  by  strict  dieting,  or  who 
at  most  were  passing  an  amount  of  sugar  too  small  to  estimate.  The 
cases  are  arranged  in  the  order  of  the  duration  of  their  illness,  and  no 
nephritis  was  present : 

Duration  of  the  diabetes,  >10  yean ;  sugar  in  the  blood,  0-180  per  cent,  (two  estima- 
tions). 

Duration  of  the  diabetes,  4  to  6  years ;  sugar  in  the  blood.  0-176  per  cent,  (two  estima- 
tions). 

Duration  of  the  diabetes,  1  to  3  years ;  sugar  in  the  blood,  0-143  per  cent,  (two  estima- 
tions). 

Duration  of  the  diabetes,  <1  year ;  sugar  in  the  blood,  0*109  per  cent,  (fiye  estima- 
tions). 

It  will  be  obvious  that  the  results  obtained  by  different  observers 
are  not  immediately  comparable  with  one  another.  The  quantitative 
estimation  of  sugar  in  the  blood  is  one  of  the  most  difficult  processes  in 
clinical  chemistry.  Ejmpp's  method  and  the  gravimetric  are  alone 
reliable.  There  are  objections  to  Pavy's  and  Seegen's  methods  of 
estimation,  to  say  nothing  of  still  older  analyses.  Oreat  weight,  there- 
fore, cannot  be  attached  to  Seegen's  (28)  assertion — ^that  in  so-called 
slight  diabetes  there  is  no  hyperglyc8Bmia.  Probably  it  was  present, 
but  he  did  not  find  it.  If  there  had  been  any  talk  in  his  time  of  "  renal 
diabetes,"  Seegen  must  have  classed  those  cases  under  that  heading  on 
account  of  the  relative  amounts  of  sugar  in  the  blood  and  in  the  urine ; 
and  yet  their  whole  clinical  course  characterized  them  as  ordinary 
diabetes. 

The  fact  is  a  great  many  more  fundamental  observations  upon  the 
amounts  of  sugar  occurring  in  the  blood  of  diabetic  patients  are  needed, 
and  also  upon  the  relation  of  these  amounts  to  the  intensity  of  the 
glycosuria.  I  do  not  doubt  that  the  doctrine  of  hyperglycaBmia  being 
the  immediate  cause  of  diabetic  glycosuria  will  be  incontestably  estab- 
lished. I  should  none  the  less  not  be  surprised  if,  even  in  cases  of  con- 
siderable glycosuria,  the  figures  for  the  sugar  in  the  blood  were  found 
scarcely  higher  than  normal ;  nor  would  it  astonish  me  if  in  some  cases 
the  sugar  in  the  blood  remained  almost  constant,  whilst  that  in  the 
urine  varied  within  wide  limits.  The  line  at  which  the  kidneys  allow 
sugar  to  leak  through  them  is  probably  drawn  very  finely.  If  this  be  so, 
and  the  limit  be  but  just  overstepped,  a  very  considerable  sugar  excre- 
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tion  might  easily  occur  inthout  analysis  being  able  to  4etect  any  hyper- 
glycsemia  [c/.  L6pine  (29)].  I  must  here  mention  the  excretion  of  urea. 
The  quantity  of  urea  in  the  blood  is  very  finely  balanced ;  the  slightest 
excess  is  immediately  eliminated  by  healthy  kidneys ;  and  yet,  although 
the  most  accurate  of  the  known  methods  can  detect  no  increase  of  urea 
in  the  blood,  the  kidneys  remove  so  much  that  they  render  the  urine  a 
2  per  cent,  solution  of  urea.  It  is  only  when  the  kidneys  are  overworked 
or  diseased  that  the  reservoir  from  which  the  urea  is  drawn  begins  to 
fill  up  to  a  higher  level.  From  the  comparative  analyses  of  blood  and 
urine  carried  out  in  my  laboratory,  it  must  be  surmised  that  at  the  be- 
ginning of  diabetes  glycosuria  without  apparent  hyperglycemia  is  the 
rule.  A  similar  conclusion  must  be  drawn  in  cases  of  alimentary  glyco- 
suria in  which  the  increase  of  sugar  in  the  blood  is  extremely  slight,  and 
often  is  not  to  be  detected  at  all  [Schlesinger  (30)].  I  am  able  to  com- 
pare a  clinical  observation  with  Schlesinger's  experiments  upon  animals. 
One  of  my  assistants  had  in  his  blood  ordinarily  0*08  per  cent,  of  sugar  ; 
after  100  grammes  glucose,  0-07  per  cent,  without  glycosuria ;  after  200 
grammes  glucose,  0*10  per  cent.,  with  glycosuria. 


Increased  Impermeability  of  Ihe  Kidneys  to  Sugar. 

I  should  like  to  commend  as  a  matter  for  research  the  question  whether 
or  not,  in  the  course  of  diabetes,  the  kidney  epithelium  accommodates 
itself  to  the  changed  conditions,  and  by  a  sort  of  protective  process 
develops  an  increased  impermeability  to  sugar,^  even  without  any  com- 
plicating nephritis.  The  consequence  would  be  an  accumulation  of  sugar 
in  the  blood,  and  a  persistent  hyperglycaemia  that  could  be  detected  by 
analysis.  Let  us  think  for  a  moment  of  the  quantitative  relationships. 
If  we  find  0*2  per  cent,  of  sugar  in  the  blood,  that  is  already  a  respectable 
degree  of  hyperglycsemia ;  in  the  total  blood  in  the  body  there  would  be 
some  5  or  6  grammes  of  sugar  over  and  above  the  normal.  The  kidneys, 
if  they  were  working  normally,  could  easily  rid  the  blood  of  this  in  less 
than  one  hour.  But  they  do  not  do  so.  It  is  usually  assumed  that  the 
sugar  in  the  blood  remains  high  because,  on  the  one  hand,  fresh  sugar 
is  constantly  being  put  into  the  circulation  from  the  sugar  sources,  and, 
on  the  other  hand,  too  little  sugar  is  being  burnt  up  in  the  tissues.  No 
doubt  this  is  correct.  Nevertheless,  there  should  be  no  such  sugar 
accumulation  in  the  blood  if  the  kidneys  were  properly  performing  their 
function  of  keeping  the  blood  right.  I  therefore  assume  that  a  certain 
degree  of  hyperglycsemia  is  indeed  essential  to  diabetic  glycosuria,  but 
that  those  high  sugar  figures  which  do  actually  occur,  and  which  are 
usually  in  the  mind  of  those  who  speak  of  hyperglycaBmia,  are  dependent 
upon  an  increased  impermeability  of  the  kidneys  to  sugar.  Perhaps, 
amongst  other  things,  the  secretion  of  the  pancreas  acts  by  a  sort  of 
"  chemical  reflex  "  upon  the  permeability  of  the  renal  filter.  In  favour 
of  such  a  view  is  the  rapid  appearance  of  hyperglycsemia  after  extirpation 
of  the  pancreas. 

*  See  the  previous  table. 
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In  diabetes  the  kidneys  maintain  their  impermeability  to  sugar  in 
the  face  of  strong  diuretics,  even  against  the  urine  secretion  called  forth 
by  theobromine  and  caffeine.  In  oedematous  patients  suffering  from 
severe  diabetes  these  drugs  often  increase  the  volume  of  urine  only,  and 
do  not  influence  the  total  quantity  of  sugar  passed.  I  have  several  clinical 
examples  of  this.  These  facts  are  an  argument  against  Jacobi's  view  of 
*'  caffeine  glycosuria." 


C— ON  THE  CAUSES  OF  HTPEROLTCiSmA. 

If  we  attribute  glycosuria  to  hyperglycsemia,  the  next  question  is. 
What  leads  to  the  overloading  of  the  blood  with  sugar  ?  I  shall  not 
discuss  here  what  substances  give  rise  to  the  blood  sugar.  I  shall  only 
recall  to  mind  the  fact  that  it  may  be  derived  not  only  from  the  carbo- 
hydrate of  the  food,  but  also  from  proteid  molecules  certainly,  and  from 
fat  probably.  This  must  be  considered  more  fully  later,  in  so  far  as 
the  subject  has  not  already  been  dealt  with  in  the  physiological  portion 
of  this  work.  We  are  here  only  concerned  with  the  mechanism  of  hyper- 
glycaBmia. 

1.  Hepatogenous  HyperglycsDmia. 
(a)  Experimenial  Work. 

In  order  to  do  full  justice  to  clinical  observation,  it  is  necessary  to 
cite  certain  facts  that  have  been  learned  experimentally.  All  researches 
on  the  matter  date  from  the  famous  piqi^e  of  CSaude  Bernard.  This 
observer  showed  that  glycosuria  lasting  several  hours  resulted  in  animals 
when  a  puncture  was  made  at  the  apex  of  the  calamus  scriptorius  in  the 
fourth  ventricle.  The  liver  was  afterwards  found  to  be  free  from 
glycogen. 

Glycosuria  is  absent  if  the  liver  be  made  to  contain  little  or  no  glycogen 
before  the  piqdre.  This  may  be  accomplished  by  starvation,  deprivation 
of  heat,  strychnine-poisoning,  febrile  disease,  ligature  of  the  Ijrmphatic 
duct,  and  other  means. 

The  explanation  of  the  experiment  can  scarcely  be  contested.  It  has 
recently  been  fully  established  by  Pfiiiger,  who  has  gone  critically  through 
the  whole  of  the  experimental  data,  and  drawn  the  most  careful  deduc- 
tions (31).  From  the  stimulated  point  in  the  central  nervous  system 
centrifugal  stimuli  pass  by  the  splanchnic  nerve  to  the  liver,  and  these 
stimuli  cause  the  liver  to  part  with  its  store  of  glycogen.  According  to 
some,  the  stimulation  acts  through  the  vasomotor  nerves ;  according  to 
others,  there  is  a  passage  of  the  nervous  stimulus  direct  to  the  hepatic 
cells.  It  has  been  suggested  that  the  nerve  stimulus  may  cause  an 
increased  formation  of  diastatic  ferment.  There  have  even  been  sur- 
mises that  the  primary  organ  affected  by  the  nerves  in  these  experi- 
ments is  the  pancreas.  This  last  is  an  interesting. theory,  but  it  is  here 
beside  the  mark. 
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The  fact  of  the  sudden  discharge  of  glycogen  from  the  liver  is  very 
important.  This  glycogen  leaves  the  cells  as  grape-sugar.  It  causes 
hyperglycemia  (32),  and  hence  glycosuria.  The  temporary  character  of 
the  glycosuria,  and  its  absence  in  animals  poor  in  glycogen,  become  clear. 
Sugar  continues  in  the  urine  only  so  long  as  glycogen  is  being  given  up 
by  the  liver,  at  first  in  quantity,  later  more  sparingly,  and  only  until 
the  excess  of  sugar  due  to  this  glycogen  has  either  been  excreted  or 
'  burnt  up  or  deposited  as  glycogen  again  in  another  place.  We  regard 
it  as  now  proven  that  it  is  a  diastatic  ferment  in  the  liver  cells  which 
thus  converts  the  glycogen.  Perhaps  there  may  be  other  glycogen 
depots  taking  part  in  the  production  of  hyperglycemia.  Luchsinger 
has  shown  that  pigtlre  in  rabbits  causes  the  muscles  to  become  similarly 
free  of  glycogen  (33).  Pfiiiger,  however,  in  his  masterly  critique  men- 
tioned above,  finds  tiiat  only  the  hepatic  glycogen  has  been  shown  with 
certainty  to  be  a  source  of  sugar  in  the  urine  after  piqilre  ;  that  of  the 
muscles  is  still  open  to  doubt  (31). 

Since  Claude  Bernard  performed  his  experiments,  investigation  upon 
this  theme  has  been  active.  Both  in  man  and  animals  a  large  number 
of  lesions  have  been  discovered,  each  capable  of  causing  temporary  glyco- 
suria referable  to  the  disbursement  of  glycogen.  Amongst  others  are  the 
following :  Destruction  of  the  superior  and  inferior  cervical  sjrmpathetic 
ganglia,  of  the  first  dorsal  ganglion,  of  the  abdominal  ganglia,  and  of 
other  sjrmpathetic  nerves ;  stimulation  of  the  central  end  of  the  cut 
vagus  nerve ;  painful  stimulation  of  peripheral  nerves ;  psychical  dis- 
turbances ;  injury  to  various  parts  of  the  cerebral  hemispheres,  the  mid- 
brain, and  cerebellum.  It  seems  possible  to  elicit  experimental  glyco- 
suria in  animals  by  almost  any  severe  and  sudden  paralyzing  or  exciting 
lesion  to  the  nervous  system.  Perhaps  the  stimulation  always  passes 
out  from  the  spot  discovered  by  Claude  Bernard  in  the  medulla  oblongata. 
No  other  lesion  is  followed  by  glycosuria  with  such  certainty  as  is  the 
typical  ipiqAft  (34). 

Besides  gross  mechanical  nerve  lesions,  certain  poisons  have  the  power 
to  produce  glycosuria  in  animals.  I  may  mention  CO,  CS^,  curare, 
morphine,  strychnine,  nitrobenzol,  amyl  nitrite,  uranium  salts,  salts  of 
mercury,  hydrochloric  and  sulphuric  acids,  various  narcotics  and  pre- 
parations of  theobromine  and  of  caffeine.  The  number  grows  larger 
every  year. 

Whenever  transitory  glycosuria  occurs  under  these  or  allied  condi- 
tions, a  rich  supply  of  glycogen  in  the  liver  is  essential.  No  sugar  is 
passed  by  ill-nourished  individuals  poor  in  glycogen.^  The  glycosuria 
usually  lasts  a  matter  of  hours  only ;  in  but  few  cases  does  it  continue 
until  the  next  day. 

There  can  be  no  doubt  that  a  great  number  of  the  £j>ove  lesions  act 
in  fundamentally  the  same  way  as  does  piqilre.  They  cause  the  glycogen 
to  be  expelled  from  its  place  of  storage,  either  by  means  of  the  nervous 
system  or  by  direct  action  on  the  liver  itself.  Nevertheless,  great  caution 
must  be  observed  before  these  glycosurias  can  be  termed  strictly  "  hepato- 

'  00  glycosuria  [Straub,  Bosenstein  (52)]  and  ether  glyooeuria  [Seelig]  appear  to  be 
exceptions. 
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genous,"  like  that  following  piqiire.  It  is  at  least  possible  that  the 
actual  seat  of  action,  particularly  in  the  case  of  some  of  the  poisons,  may 
be  neither  the  nervous  system  nor  the  Uver,  but  the  pancreas. 


(b)  Clinical  PairUa. 

It  is  probable  that  the  experiments  upon  animals  mentioned  above 
have  their  exact  counterpart  in  certain  glycosurias  in  man.  There  are 
transitory  glycosurias  that  follow  commotio  cerebri,  brain  injury,  apo- 
plexy, and  those  that  follow  the  toxic  action  of  morphia,  prussic  acid, 
minend  acids,  amyl  nitrite,  carbon  monoxide,  phosphorus,  chloralamide, 
chloroform,  nitrobenzol,  and  aniline.  Some  of  these  may,  indeed,  be 
accounted  for  by  a  decreasing  power  of  oxidation  in  the  tissues  and  con- 
sequent defective  using-up  of  sugar.  Perhaps  this  is  so  in  the  case  of 
prussic  acid,  carbon  monoxide,  and  phosphorus-poisoning.  There  remain, 
however,  a  large  number  of  observations,  of  which  the  experiments  of 
Bernard  and  his  successors  afford  the  most  natural  and  the  clearest  ex- 
planation. The  "  clinical  '*  literature  is  cited  under  reference  (36).  It  has 
often  been  argued  that  people  in  whom  a  temporary  glycosuria  results 
from  any  of  the  above  causes  are  in  a  state  of  latent  diabetes ;  that  the 
particular  injury  or  poison  acts  only  as  an  exciting  factor ;  and  that  the 
latent  disease  develops  fuUy  in  due  course.  This  is  often  the  case,  no 
doubt.  It  only  teaches  us  that  a  healthy  man  is  little  inclined  to  hepato- 
genous glycosuria,  and  that  particular  conditions  must  arise  to  produce 
phenomena  similar  to  those  often  observed  in  animal  experiments, 
especially  in  rabbits. 

I  have  frequently  insisted  in  my  clinical  writings  that  transitory 
neurogenous  and  psychogenous  glycosuria  are  almost  equivalent  terms 
[von  Noorden  (37)].  The  suspicion  at  once  arises  that  they  are  only 
the  first  symptoms  of  a  true  diabetes  that  is  developing.  At  the  same 
time  there  are  a  few  observations  which  prove  with  certainty  that 
powerful  stimuli  may  cause  transitory  glycosuria  without  any  predis- 
position to  diabetes  [von  Noorden  (37a)]. 

We  must  remember  that  transitory  glycosurias  in  man,  whether  of 
neuro-traumatic  or,  still  more,  of  toxic  origin,  may  possibly  depend  partly 
upon  transient  disturbances  of  the  function  of  the  pancreas.  It  is  for 
the  future  to  determine  this.  On  the  other  hand,  it  is  justifiable  to  ask 
whether  many  cases  of  chronic  glycosuria,  which  clinically  must  be 
regarded  as  real  diabetes  mellitus,  may  not  be  entirely  neuro-hepato- 
genous.  It  may  be  that  a  cause,  similar  to  that  which  experimentally 
leads  to  destruction  of  liver  glycogen  and  hyperglycsemia,  is  periodically 
or  continuously  stimulating  Claude  Bernard's  centre,  and  thence  the 
liver.  An  experiment  of  Eckhard's  affords  a  remarkable  analogy.  After 
section  of  one  vagus  nerve,  stimulation  of  the  central  end  produced 
glycosuria.  The  latter  soon  disappeared,  but,  as  long  as  the  animal  lived, 
could  be  again  produced  at  will  on  stimulating  the  vagus  nerve.  Al- 
though many  physicians  are  inclined  to  recognise  a  true  neuro-hepato 
genous  diabetes  of  this  kind,  I  am  not  convinced  of  its  existence.    With 
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Pflfiger  all  cases  of  diabetes  should  be  considered  as  neurogenous,  or  else 
none  of  them  (38a).  He  who  wishes  to  make  a  separate  pathological  entity 
of  neurogenous  diabetes  must  first  bring  forward  evidence  that  it  differs 
in  essential  points  from  ordinary  diabetes.  Hoffmann  tried  to  do  so 
long  ago,  but  he  failed  completely,  and  the  attempt  is  merely  of  historical 
interest  (39).  There  are  wide  variations  in  the  clinical  picture  presented 
by  diabetes.  Slight,  progressive,  chronic,  and  acute  cases  are  met  with, 
just  as  they  are  in  pulmonary  tuberculosis ;  but  these  distinctions  are 
quantitative  rather  than  qualitative.  The  course  of  the  disease  is  modi- 
fied by  peculiarities  in  the  general  constitution,  by  complications  that 
may  arise,  and  not  to  any  marked  degree  by  any  nervous  factor.  This 
is  more  clearly  seen  at  the  beginning  of  the  affection,  and  in  the  milder 
cases,  than  it  is  in  the  later  stages  or  in  the  severe  types.  All  this, 
however,  is  not  enough  to  prove,  or  even  to  allow  one  to  suspect,  that 
the  different  clinical  pictures  represent  different  diseases.^ 

My  opinion  is  that  one  must  recognise  in  human  pathology  neuro- 
hepatogenous  acute  glycosurias,  both  in  diabetics  and  in  non-diabeticB ; 
but  that  in  regard  to  the  doctrine  of  neuro-hepatogenous  chronic  diabetes 
mellitus  there  is  ground  for  the  greatest  scepticism. 


2.  Pathological  Alimentary  Glyeosoria. 

The  term  '*  alimentary  glycosuria  "  is  used  to  denote  the  excretion  of 
sugar  brought  about  by  excessive  carbohydrate  diet  in  non-diabetic 
persons.  The  question  of  where  the  limit  lies  beyond  which  an  increase 
of  carbohydrate  diet  leads  to  glycosuria  even  in  the  healthy  has  been 
discussed  in  the  physiological  portion  of  this  work.  Concerning  the 
amount  of  sugar  in  the  blood  in  cases  of  physiological  alimentary  glyco- 
suria, vide  Lidex. 

It  is  the  pathological  exacerbation  of  this  phenomenon  which  concerns 
us  here.  In  testing  for  pathological  alimentary  glycosuria,  it  is  usual  to 
give  in  one  dose  either  100  grammes  of  cane-sugar  or  grape-sugar,  or  under 
certain  circumstances  glucose,  either  in  the  early  morning  on  an  empty 

^  Many  physioians  are  extremely  ready  with  the  diagnoeiB,  "neurogenous  diabetes." 
This  arises  partly  from  their  desire  to  calm  their  patients  by  calling  their  complaint 
'*  nerrons/'  in  distinction  to  **  constitutional  "  ;  partly  because  they  aUow  themselves  to 
be  deceived  by  certain  phenomena  which  may  be  observed  in  almost  all  cases  of  diabetes 
which  are  watched  with  sufficient  care  over  a  considerable  time.  In  the  early  stages  of 
diabetes — I  might  almost  say  so  long  as  it  is  hardly  more  than  a  condition  of  sUght  glyco- 
suria in  the  sense  of  Seegen  Mid  Traube — ^the  sugar  in  the  urine  is  influenced,  not  only 
by  diet,  but  also  by  elevation  and  depression  of  spirits,  efforts  of  mind  and  body, 
injuries,  and  illnesses  of  various  sorts.  This  is  particularly  the  case  in  neurasthenics. 
Measures  which  lead  to  a  general  increase  in  strength  and  improvement  of  the  neurasthenia 
almost  always  bring  about  diminished  glycosuria  at  the  same  time.  When  such  a  case 
is  seen,  there  is  an  inclination  to  diagnose  **  neurogenous  diabetes,"  whereas  one  really  has 
to  do  with  an  ordinary  diabetes,  to  whose  alimentary  factors  a  neurogenous,  or,  perhaps 
better,  a  neuro-hepatogenous  fflycoeuria  has  been  added. 

In  the  study  of  diaoetes  in  later  stases  these  variations  in  the  glycosuria  are  exhibited 
far  less  often,  or,  at  least,  they  are  far  lees  easy  to  demonstrate.  The  dependence  of  the 
dlyooeuria  upon  diet  is  then  the  prominent  point  in  the  clinical  picture  [von  Noorden  (37)]. 
The  nervous  factors  are  &r  in  the  background. 

How  often  have  I  seen  cases  at  first  diagnosed  as  obvious  "  nervous  diabetes  "  pass 
on,  in  the  course  of  a  year  or  two,  into  the  most  severe  forms  of  the  disease  I 
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stomach  or  two  houis  after  a  small  breakfast.  The  urine  of  healthy 
persons  should  remam  free  from  sugar.  If  glycosuria  results,  it  is  usually 
attributed  to  '*  inefficiency  of  the  liver."^  Hofmeister  (40)  describes  it 
as  a  "  decreased  limit  of  assimilation."  It  is  assumed  that  the  liver  is 
unable  to  deal  with  the  increased  amount  of  sugar  inundating  it  from 
the  portal  vein — ^that  is  to  say,  it  cannot  poljrmerize  it,  and  fix  it  com- 
pletely as  glycogen.  This  explanation  can  hardly  be  controverted.  The 
question  is,  What  does  the  inefficiency  of  the  liver  depend  upon  ?  The 
cause  cannot  be  overfilling  of  the  glycogen  reservoir,  by  which  we  explain 
the  alimentary  glycosuria  of  healthy  persons.  In  most  cases  the  sufiFerers 
are  out  of  health,  and  their  previous  diet  the  reverse  of  excessive,  so  that 
there  is  no  reason  to  suppose  that  their  glycogen  depot  was  already 
brimful.  There  is  no  more  reason  for  supposing  that  they  have  less 
power  of  making  use  of  sugar.  In  none  of  the  affections  in  question  are 
the  processes  of  oxidation  and  of  energy  production  decreased ;  rather 
is  there  a  great  increase  in  oxidation,  and  particularly  in  the  combustion 
of  carbohydrate  in  several  of  the  diseases,  such  as  Graves'  disease  and 
high  fever,  which  predispose  to  alimentary  glycosuria. 

Either  the  liver  cells  are  unable  to  poljrmerize  all  the  sugar  reaching 
them,  or  else  the  glycogen  formed  becomes  saccharified  too  quickly, 
through  some  increase  in  the  diastatic  process.  The  latter  would  imply 
that  the  automatic  regulation  between  sugar  combustion  and  sugar 
formation  is  no  longer  so  evenly  balanced  as  in  health.  Physiologically, 
the  diastatic  process  is  dependent  only  on  the  sugar  requirements  of  the 
body ;  here  it  would  also  be  controlled  by  the  sugar-supply. 

So  far  the  theory  of  pathological  alimentary  glycosuria  is  not  so  very 
difficult  to  follow.  As  soon,  however,  as  we  b^in  to  inquire,  further, 
what  conditions  cause  derangement  of  the  storage  of  glycogen  and  of 
its  reconversion  by  diastatic  influence,  the  ground  becomes  much  less 
secure. 

For  a  long  while  endeavours  were  made  to  find  the  cause  in  a  patho- 
logical change  in  the  liver  cells  themselves — induffiaance  hSpatique  in 
the  closest  sense  of  the  term.  This  idea  was  completely  negatived  when 
attempts  were  made  to  produce  alimentary  glycosuria  in  patients  with 
diseased  livers  by  giving  them  grape-  or  cane-sugar.  There  is  only  one 
form  of  alimentary  sugar  excretion  for  which  the  liver  cells  themselves 
are  with  any  certainty  responsible,  and  that  is  alimentary  Isevulosuria. 
I  myself  am  unable  from  my  own  researches  to  allow  that  it  is  so  con- 
stant an  accompaniment  of  diseases  of  the  liver  parenchyma  as  many 
authore  assert,  but  it  is,  nevertheless,  very  striking  : 

^  Many  observen,  when  they  wish  proof  of  patiiologjical  aUmentory  glycosuria,  par- 
tionlarly  that  of  insuffisanee  kipalique,  give  cane-sugar  instead  of  gnpe-sngar.  lliu  is 
wrong.  The  conditions  are  not  the  same  in  the  case  of  these  two  different  suffars.  Of 
the  cane-sugar,  the  whole  of  that  which  is  not  broken  up  into  monosaccharide  in  the 
intestine,  hat  reaches  the  blood  unaltered,  is  excreted  in  the  urine.  Neither  the  liver  nor 
any  other  organ  has  the  power  to  split  up  and  assimilate  cane-sugar.  Its  occurrence  in 
the  urine,  ttoefore,  is  no  proof  of  oyerloading  of  the  liver  with  glycogen,  or  of  insuffir 
sanee  hSpatiqae,  but  shows  that  the  ferment  in  the  succus  entericus  which  sphts 
up  cane-sugar  has  not  been  fulfilling  its  functions.  The  liver  is  only  concerned  in  the 
mellituria  when,  besides  the  cane-sugar,  glucose  appears  in  the  urine.    To  determine  this 

2[aantitatively  is  too  complicated  to  alfow  of  the  cane-sugar  test  being  recommended 
or  elinioal  purposes; 
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1.  How  frequently  and  how  markedly  it  may  occur  in  cases  of  liver 
disease. 

2.  That  it  is  very  often  found  in  these  patients,  even  when  the  tests 
with  dextrose  and  saccharose  are  negative. 

3.  That  in  no  other  affection — ^not  even  in  diabetes  mellitus — does  the 
excretion  of  sugar  after  giving  l»vulose  (kovulosuria)  exceed  that  from 
giving  grape-sugar  and  cane-sugar  so  much  as  it  does  in  liver  diseases. 

Alimentary  l»vidosuria  is  also  often  found  in  diseases  with  high 
fever — ^particularly  pneumonia — and  in  advanced  failure  of  cardiac 
compensation,  lliese  exceptions  prove  the  rule;  for  in  these  very 
diseases  pathological  changes  in  the  liver  are  extremely  conmion — ^for 
example,  cloudy  swelling  and  cyanotic  induration.  On  the  other  hand, 
it  has  been  shown  that  those  external  factors  which  have  most  influence 
on  the  formation  of  glycogen  by  the  liver,  such  as  deficiency  in  the 
pancreatic  functions,  interfere  extremely  little  with  the  process  of  poly- 
merization of  IflBVulose.  This  all  goes  to  confirm  Strauss's  view  that 
the  cause  of  the  alimentary  l»vulosuria  of  patients  with  liver  complaints 
is  to  be  sought  in  a  pathological  condition  of  the  liver  cells  themselves  (41 ). 
This  ist  he  inauffiaance  hipatique  of  French  authors. 

Li  the  other  forms  of  pathological  alimentary  glycosuria  it  is  necessary 
to  assume  an  external  influence  acting  upon  the  liver  cells.  It  occurs  to 
one  at  once  that  nervous  factors  may  act  thus,  and  one  recalls  to  mind  the 
results  of  experiments  in  connection  with  neuro-hepatogenous  glycosuria. 
Moreover,  alimentary  glycosuria  has  been  shown  to  occur  in  many  nerve 
diseases.  The  latter  may  be  either  organic — such  as  progressive  paralysis, 
multiple  sclerosis,  cerebral  tumours,  and  peripheral  neuritis — or  func- 
tional— such  as  traumatic  neuroses,  mania,  melancholia,  hysteria,  and 
conmiotio  cerebri.  It  appears  that,  under  the  influence  of  the  diseased 
nervous  system,  the  diastatic  processes  are  continually  being  urged  to 
increased  activity,  so  that  the  hepatic  veins  become  swamped  with  sugar 
when  any  quantity  of  carbohydrate  is  given  in  the  food.  Our  present- 
day  knowledge,  however,  is  insufficient  to  either  prove  or  disprove  the 
correctness  of  this  assumption. 

In  other  forms  of  pathological  alimentary  glycosuria  the  action  of 
centrifugal  nerve  stimuli  is  much  less  probable.  I  have  in  my  mind 
particularly  severe  febrile  processes,  acute  and  chronic  alcoholism,  and 
Graves'  disease.  These  are  affections  in  which  alimentary  glycosuria 
appears,  not  with  absolute  regularity,  but  still,  much  more  commonly, 
and  with  much  greater  intensity,  than  in  almost  any  others.  Although 
the  glycosuria  is  here  transitory,  I  do  not  hesitate  to  observe  an  analogy 
to  real  diabetic  glycosuria — that  is  to  say,  to  seek  the  ultimate  cause 
in  pathological  changes  in  the  pancreas.  It  is  true  that  anatomical 
research  upon  the  pancreas  in  relation  to  diabetes  mellitus  has  not  yet 
carried  us  very  far  {vide  infra) ;  nevertheless,  in  continuation  of  the 
work  done  by  Wille  (41a)  upon  this  point,  it  will  well  repay  the  trouble  to 
examine  the  pancreas  very  carefully  in  every  case  in  which,  during  life, 
considerable  alimentary  glycosuria  has  been  observed.  It  is  obvious 
that  severe  febrile  processes  may  injure  the  parenchyma  of  the  pancreas. 
The  same  possibility  must  be  allowed  in  the  case  of  acute  and  chronic 
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poisoning.  As  regards  Oraves'  disease,  inter-relationships  of  function 
between  the  thyroid  gland  and  the  pancreas  are  at  least  probable, 
even  though  one  may  not  speak  of  them  with  such  certainty  as  Loraad 
(41)  does. 

This  by  no  means  exhausts  the  whole  list  of  diseases  in  which  the 
pancreas  must  be  allowed  a  possible  part  in  pathological  alimentary 
glycosuria.  Klippel  and  Lefas,  and  Steinhaus  (43),  have  mentioned, 
and  Bleichroder  (44)  has  partly  confirmed,  the  fact  that  disturbances  of 
the  ported  circulation  may  bring  in  their  train  secondary  changes  in  the 
pancreas.  Hoppe-Seyler  and  Herxheimer  (45)  regard  arterio-sclerosis 
as  a  potent  factor  in  causing  degenerations  in  the  pancreas.  Most 
of  these  questions  are  open  to  study  by  experiments  upon  animals. 
Positive  data  are  still  too  few  to  justify  a  more  detailed  discussion  now. 
It  is,  however,  surely  more  than  coincidence  that  the  tendency  to  alimen- 
tary glycosuria  is  greatest  in  high  fevers,  m  severe  alcoholism,  and  in 
Graves'  disease,  whilst  it  is  precisely  in  these  affections  that  the  line 
of  demarcation  between  alimentary  glycosuria  e  aacharo  and  alimentary 
glycosuria  ex  amylo  happens  to  disappear.  I  myself,  on  the  first  dis- 
covery of  febrile  alimentary  glycosuria,  found  very  large  quantities  of 
sugar  excreted.  Poll  (46)  found  the  same.  My  former  assistant, 
Strauss  (47),  then  pursued  the  question  further,  and  found  that,  besides 
glycosuria  e  sacharo^  a  glycosuria  could  also  be  brought  about  by  giving 
quantities  of  starch  to  edcoholic  subjects,  or  to  patients  suffering  from 
influenza  or  pneumonia.  Glycosuria  ex  amylo  has  long  been  regarded 
as  the  typical  sign  of  true  diabetes  [Naunyn  (8)  and  Strauss  (47)] ; 
and  here  for  the  first  time  it  had  been  produced  in  persons  who,  in  the 
clinical  sense,  were  certainly  not  diabetics,  and  who  presented  only  a 
temporary  disposition  to  glycosuria.  In  the  light  of  the  above  observa- 
tions we  are  bound  to  admit  that  the  cases  were  really  acute  temporary 
pancreatic  diabetes  of  slight  degree,  and  due  to  an  infective  or  to  a  toxic 
condition,  as  the  case  might  be.  I  have  since  frequently  seen  glycosuria 
ex  amylo  in  patients  who  were  suffering  from  influenzal  pneumonia, 
and  who  neither  before  nor  since  exhibited  the  slightest  sign  of 
diabetes  mellitus.  I  have  also  seen  it  in  a  female  who  had  Graves' 
disease.^ 

^  I  should  like  to  give  notes  of  this  ease  here,  because  I  do  not  know  if  I  shall  have  an 
opportunity  of  doing  so  elsewhere,  and  because  it  seems  to  me  to  be  one  of  great  impor- 
tance. Tlie  lady,  then  twenty-five  years  c4d.  and  0>nglo,  began  to  suffer  from  the  typical 
symptoms  of  Graves'  disease  in  the  spring  of  189S.  Tna  ooi^tion  developed  rapidly,  but 
did  not  become  severe.    There  was  obvious  exophthalmos,  enlargement  of  the  thyroid 

5 land;  pulse  100  to  110;  tremor,  perspiration,  wasting,  and  tendency  to  diarrhaoa.  In 
une,  1898,  on  six  consecutive  days  at  8  a.m.,  and  before  breakfast,  I  gave  her  altematelv 
100  grammes  of  flrape-sucar  or  200  grammes  of  bread — ^white  and  rye  bread  mixed — with 
300  c.c.  of  tea.  On  the  three  glucose  days  she  excreted  0'7, 8*2,  and  6'8  grammes  of  grape- 
sugar.  On  the  three  bread  days  she  excreted  4*2,  5*1,  and  3*8  grammes  of  grape-sugar. 
The  fflycosuria  was  each  time  over  by  midday.  The  Graves'  disease  got  well  within  nine 
montiis.  The  lady  meanwhile  got  married.  She  became  the  mother  of  several  children. 
Repeatedly — ^the  last  occasion  Ming  in  August,  1904 — ^I  tried  to  see  if  glycosuria  could  be 
produced  by  givixig  increasing  quantities  of  bread,  starch  foods,  and  sugar.  Sugar  never 
recurred  in  the  urine. 
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D.— DIABETIC  HTPEROLTCJEIHIA  AND  GLYCOSURIA. 
1.  The  Amount  of  Glyeogen  In  the  Organs  of  DIabetle  Subjeets. 

When,  in  attempting  to  explain  diabetic  hyperglycemia  and  glyco- 
suria, we  glance  at  the  carbohydrate  metabolism  of  diabetic  patients,  one 
of  the  first  and  most  important  points  to  strike  us  is  the  poorness  of  the 
organs  in  glycogen.  Lepine  calls  this  "  azomyelie  ";  Naunyn  (48)  terms 
it  "  dyszooamyelie."  Post-mortem  observations  upon  the  amounts  of 
glycogen  in  livers  vary  much,  but  it  is  established  that  the  liver  has  been 
found  extremely  poor  in  glycogen  when  the  blood  at  the  same  time  con- 
tained much  sugar — ^in  other  words,  when  the  liver  normally  would  have 
had  ample  opportunity  to  load  itself  with  glycogen  [Naunyn  (49)]. 
Frerichs,  through  P.  Ehrlich  (50),  performed  the  ingenious  experiment  of 
puncturing  the  Uvers  of  two  diabetics  and  one  healthy  man  by  means  of 
a  fine  trocar  during  life.  All  were  placed  on  similar  starchy  diet. 
The  aspirated  liver  pulp  of  one  of  the  diabetics  contained  no  glycogen 
at  all,  and  that  of  the  other  far  less  than  was  present  in  the  case  of 
the  healthy  man. 

There  are  possible  objections  to  conclusions  drawn  from  autopsies 
notwithstanding  Naunyn's  belief  that  all  such  have  been  now  removed. 
It  is,  perhaps,  better  to  rely  more  upon  the  teachings  of  experimental 
pancreatic  diabetes.  In  almost  their  earliest  work  von  Mering  and 
Minkowski  (25)  pointed  out  the  extraordinary  scarcity  of  glycogen  in 
the  Uver  in  these  cases.^  This  has  been  repeatedly  confirmed,  not  only 
for  the  liver,  but  also  for  the  muscles  (50).  Minkowski  showed  that 
it  made  little  difference  whether  the  animal  had  been  allowed  to  fast, 
or  whether  it  had  been  given  quantities  of  starchy  foods  and  grape- 
sugar  before  death.  The  blood  was  always  rich  in  sugar^  and  the  liver 
always  poor^in  glycog^i  The  results  found  at  human  autopsies  have 
not  always  been  quife  solmarkedT  One  cannot  help  thinking  that,  in 
man,  even  when  death  has  resulted  from  coma,  the  diabetes  has  not 
always  been  quite  '*  complete  "  —  that  is  to  say,  the  pathological  pro- 
cesses which  produce  diabetes  have  not  developed  so  far,  and  the  factors 
which  favour  the  storing  up  of  glycogen  have  not  been  so  completely 
removed,  as  is  the  case  in  a  dog  whose  pancreas  has  been  entirely 
ablated.  Pfliiger  (52)  has  recently  declared  that  the  finding  of  glycogen 
in  the  liver  and  muscles  at  some  autopsies  on  diabetic  patients  is  a 
point  of  more  importance  than  is  the  finding  of  none  at  all  in  other 
cases.  For  this  view  to  be  maintained  it  would  be  necessary  to  prove 
that  the  cases  in  question  had  really  suffered  from  ^'  complete  "  diabetes, 

^  Pfluger  has  recently  carried  out  analyaee  in  a  dog  which  died  from  diabetes  after 
complete  removal  of  the  pancreas.  The  liver  was  lu^e,  weighing  293  grammes,  or 
4' 77  per  cent,  of  the  entire  body-weight ;  it  contained  0*0269  gramme  of  glycogen.  PfliiKer 
says  :  **  This  fact  proves  that  the  liver  continues  to  form  glycogen  to  the  end,  even  in  Uie 
severest  cases  of  diabetes."  This  cannot  be  gainsaid,  but  the  analysis  shows  more 
markedly  still  that  the  important  function  of  glycogen  formation  was  reduced  to  a  mini- 
mum (60a).  Of  another  dog,  which  also  died  of  diabetes  following  total  extirpation  of 
the  pancreas,  Pfluger  says :  **  The  liver  contained  absolutely  no  glycogen  at  all " 
{Pfiuger'e  Arch.,  106, 1S7, 1906). 
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analogous  to  the  diabetes  that  follows  thorough  extirpation  of  the 
pancreas,  and  that  the  patients  had  died,  not  of  complications,  but  of 
the  specific  disorder  of  metabolism  in  its  last  degree  (compare  Cases  P. 
and  K.  below).  Incomplete  removal  of  the  pancreas  does  not  make 
the  liver  free  from  glycogen,  as  de  Dominicis  (53)  has  shown.  In  my 
own  laboratory  the  following  figures  were  obtained  by  the  most  reliable 
known  methods  at  autopsies  upon  diabetic  subjects  : 

1.  Patient  R.  received  50  grammes  of  Invulose  forty-eight  hours 
before  death,  and  thereafter  took  no  more  carbohydrate.  The  liver 
contained  0*06  per  cent,  of  glycogen,  the  limb  muscles  traces,  the 
diaphragm  0*7  per  cent.,  the  heart  0*4  per  cent.,  the  kidneys  0*1  per 
cent. 

2.  Patient  J.  passed  rapidly  from  a  state  of  well-being  into  coma, 
and  died  within  a  few  hours.  The  autopsy  was  two  hours  later.  The 
stomach  was  stiU  full  of  food.  The  liver  contained  no  glycogen,  the 
muscles  0*1  per  cent.,  the  heart  0*1  per  cent.,  and  the  kidneys  0*1  per 
cent. 

3.  Patient  P.  suffered  from  moderate  diabetes,  with  slight  acidosis 
and  chronic  dry  gangrene  of  the  toes.  His  diet  was  liberal,  containing 
about  50  to  60  grammes  of  carbohydrate  per  diem.  He  died  suddenly  of 
pulmonary  embolism.  The  liver  contained  1*8  per  cent,  of  glycogen,  the 
muscles  0-4  per  cent.,  the  heart  0*7  per  cent.,  the  diaphragm  0-4  per  cent., 
and  the  kidneys  none. 

4.  Patient  K.  suffered  from  diabetes  of  medium  severity,  complicated 
by  pyaemia  and  severe  nephritis.  He  died  of  ursBmia.  The  liver  con- 
tained 0-3  per  cent,  of  glycogen,  the  psoas  muscles  traces,  the  pectoral 
muscles  0-03  per  cent.,  the  diaphragm  0*03  per  cent.,  and  the  heart 
0-3  per  cent. 

5  and  6.  Patients  W.  and  S.,  severe  cases  of  diabetes,  who  died  from 
coma.  Both  women  partook  of  considerable  quantities  of  Isevulose 
within  twenty-four  hours  of  death.    Analyses  for  glycogen  showed  : 
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We  thus  found  quantities  of  glycogen  only  in  those  cases  where 
death  was  not  directly  due  to  the  diabetes,  or  else  where  Isevulose  was 
given  within  a  short  time  of  death.  In  the  latter  cases  the  liver  alone  was 
rich  in  glycogen.  The  same  distribution  of  the  glycogen  appears  when 
animals  have  first  been  made  glycogen-free  by  strychnine,  and  have 
then  been  fed  plentifully  with  carbohydrate. 

Physiology  teaches  us  that  certain  places  are  normal  depots  for 
glycogen.  In  diabetes  other  cells  also  have  the  power  to  store  up 
glycogen — for  example,  the  renal  epithelium  (54),  pus  corpuscles  (55),  and 
possibly  also  the  leucocytes  of  the  circulating  blood  (56).    The  cells  of 
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Henle's  tubules  constantly  store  up  glycogen  in  this  way;  Weigert 
never  failed  to  find  this  to  be  so  in  numerous  autopsies  upon  diabetics. 
Probably  this  accounts  for  the  traces  of  glycogen  which  have  sometimes 
been  detected  in  diabetic  urine  [W.  Leube  (57)].  It  is  clear  that  the 
cells  in  question — ^renal  epithelium,  pus  corpuscles,  and  leucocytes — take 
up  a  larger  quantity  of  glycogen  than  usual  on  account  of  the  hyper- 
glycsemia.  We  lack  the  biological  explanation  as  to  why  certain  cells 
retain  this  function,  and  even  exert  it  more  actively  than  before,  whilst 
the  proper  organs  for  the  storage  of  glycogen  have  lost  it. 

The  amount  thus  stored  up,  however,  is  too  small  to  be  of  great 
importance  for  the  maintenance  of  the  necessary  amount  of  carbohydrates 
in  the  tissues. 


2.  Defeetlve  Combustion  of  Sugar. 

We  can  only  give  a  conditional  affirmative  answer  to  the  question 
whether  the  inefficiency  of  the  normal  glycogen  depots  is  the  right 
explanation  of  the  disturbances  that  occur  in  diabetes.  It  accounts 
for  the  flooding  of  the  blood  with  sugar,  whether  the  latter  comes  direct 
from  the  intestinal  canal,  or  is  formed  by  katabolism  from  proteid,  and 
possibly  from  fat  and  other  substances.  The  tissues  will  not  consume  a 
larger  quantity  of  material  than  is  required  for  their  respective  energies. 
If  the  glycogen  depots  are  no  longer  active,  the  sugar  which  is  not  used 
up  in  the  performance  of  work,  or  in  the  production  of  fat,  remains  in 
the  blood  and  tissue  juices,  and  is  removed  by  the  kidneys.  All  the 
variations  in  diabetic  glycosuria  which  follow  upon  changes  in  the  diet 
are  satisfactorily  explained  upon  this  view,  notwithstanding  the  extra- 
ordinary differences  such  changes  in  diet  produce  in  different  cases 
and  in  different  stages  of  the  disease  {vide  infra).  In  the  majority  of  cases 
the  glycogenic  function  is  not  in  complete  abeyance,  but  is  only  defective 
to  a  greater  or  a  less  degree. 

A  difficulty,  however,  at  once  arises.  If  defective  glycogen  storage 
were  the  sole  cause  for  the  glycosuria,  the  latter  should  be  greatly  affected 
by  variations  in  muscular  work.  The  muscles,  whose  energy  in  health 
is  supplied  by  carbohydrate,  should  utilize  a  larger  quantity  of  the 
circulating  sugar  when  they  do  more  work,  and  leave  proportionately  less 
for  the  kidneys  to  excrete.  It  is  of  course  well  known  to  every  physician 
that  diabetics  can  tolerate  slightly  larger  quantities  of  carbohydrate 
when  they  take  fairly  active  exercise,  and  for  that  purpose  are  sent  to 
the  hills.  This  is  of  great  importance  from  a  therapeutic  point  of  view. 
The  favourable  effects  come  on  gradually,  and  no  doubt  depend  upon 
increase  of  musculature  by  phjrsiological  hypertrophy,  and  upon  other  good 
influences  which  an  open-air  life  has  upon  the  patients.  The  fact  that 
moderate  exercise  may  sometimes  cause  decreased  elimination  of  sugar 
in  the  urine  is  undoubted.  It  is  seen  most  clearly  in  slight  degrees  of 
diabetes  when  the  muscles  are  not  quite  free  from  glycogen.  In  severe 
cases  the  results  are  much  less  obvious.  I  have  made  many  observa- 
tions upon  this  point,  sometimes  with  the  ergostat,  sometimes  with  hill- 
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climbing.  The  diet  both  on  rest  days  and  thoee  of  work  was  kept  the 
same  both  as  to  quantity,  quality,  and  the  times  of  taking  meals.  In 
the  healthy  man  a  good  measure  of  the  sugar  katabolism  in  the  muscles 
is  afforded  by  the  heat-production  expressed  in  calories.  On  the  work 
days  the  calories  of  heat  stood  at  a  far  higher  figure  than  on  the  rest 
days,  and  yet  in  many  diabetics  the  glycosuria  diminished  little,  if  at 
all.  I  shall  give  several  examples  of  this  in  a  later  section  of  this 
chapter.  I  have  even  met  with  cases  where  muscular  exertion  actually 
increased  the  glycosuria  (68). 

Very  great  importance  must  be  attached  to  the  above  observations. 
They  show  that  the  sugar  circulating  in  excess  in  the  blood  is  of  little 
or  no  use  to  the  cells  for  katabolio  purposes. 

The  same  conclusion  may  be  drawn  from  researches  upon  the  respira- 
tory exchange  of  diabetic  patients.  When  a  healthy  man  is  fed  upon 
carbohydrate,  his  respiratory  quotient  immediately  rises  nearly  to  1. 
The  same  is  not  the  case  in  a  diabetic.  Even  when  fasting  his  respiratory 
quotient  is  strikingly  low,  showing  that  his  combustion  of  carbohydrate 
is  much  below  normal.  Administration  of  starchy  foods  or  grape- 
sugar  raises  the  quotient  little,  if  at  all  (see  next  page). 

Some  observers  have  sought  to  demonstrate  the  non-utilization  of 
the  circulating  sugar  by  comparisons  between  the  arterial  and  the 
venous  blood.  L6pine  and  Barral  hold  that  less  sugar  disappears  from 
the  blood  of  depancreatized  than  of  normal  animals  (69).  Chauveau 
and  Kaufmann  (60)  deny  this.  It  is  unwise  to  lay  much  stress  upon  any 
experiments  of  this  kind,  seeing  that  the  technical  difficulties  render  them 
very  unreliable. 

The  facts  as  a  whole  show  that  the  body  cells,  particularly  those  of 
the  muscles,  can  make  but  imperfect  use  of  the  sugar,  although  this  is 
flowing  through  them  in  abundance.  All  the  relations  between  defective 
glycogen  storage  and  glycosuria  become  clear  if  we  adopt  the  hypothesis 
that  the  carbohydrate  of  the  cells — at  ady  rate,  in  diabetic  subjects — 
cannot  be  properly  katabolized  because  it  is  not  first  fixed  in  them  as 
glycogen.  Looked  at  from  the  point  of  view  of  general  biology,  there 
is  no  objection  to  this  assumption,  which  was  strongly  advocated  by 
Seegen  (61),  and  again  recently  by  Naunyn  (62).  It  is  certainly  not  the 
substances  in  which  the  cells  are  bathed  that  are  the  immediate  source  of 
energy ;  the  food-stuffs  must  become  chemically  anchored  to  the  cells 
before  further  katabolism  is  possible. 

We  are  now  about  to  enter  upon  very  difficult  theoretical  ground. 
There  can  be  no  doubt  that  every  point  which  has  been  brought  forward 
in  favour  of  the  non-combustion  of  sugar  in  the  muscles  is  capable  of  a 
different  interpretation,  if  we  depart  from  the  very  probable  a.8sumption 
that  only  carbohydrate,  and  not  fat  or  protein,  Can  be  directly  used  by 
muscle  in  the  performance  of  work.  One  might  then  hold  that  the 
muscles  kataboUze  just  as  much  carbohydrate  as  usual,  but  that  they  have 
lost  the  power  of  storing  up  reserves,  whilst  retaining  the  power  of  calling 
by  chemical  signals  for  more  sugar  from  the  liver.  This  chemical  stimula- 
tion of  the  liver  might  even  be  increased  in  direct  proportion  to  the 
deficiency  in  the  glycogen-storing  power.    HyperglycaBmia  would  be  the 
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immediate  result.  This  hypothesis  affords  an  equally  good  explanation 
of  the  facts  we  have  mentioned  above  in  regard  to  the  respiratory 
quotient.^ 

3.  Utiliiation  of  Lsvulose. 

I  put  forward  the  last  paragraph  merely  as  a  hypothesis,  for  there 
is  no  direct  proof  that  glycogen  formation  is  an  indispensable  preliminary 
to  carbohydrate  katabolism  in  muscle.  There  is,  indeed,  a  very  important 
piece  of  indirect  evidence  to  the  contrary.  Kiilz  (63)  long  ago  discovered 
that  kevulose  is  incomparably  better  borne  by  diabetics  than  are  grape- 
sugar  and  starches.  Bacterial  biology  affords  an  analogy.  Saecharo- 
myces  eUipsoideua  assimilates  only  the  dextro-rotatory  mandelic  acid, 
and  in  a  mixture  of  these  acids  leaves  the  two  l»vorotatory  varieties 
alone  [Bunge  (64)].  The  diabetic  subject,  one  might  think,  may  have 
lost  the  power  to  assimilate  the  dextro-rotatory,  but  may  have  retained 
the  power  to  assimilate  the  laBVorotatory  sugar.  The  analogy  fell 
through  when  Minkowski  (65)  showed  that  much  glycogen  can  be  stored 
up  when  laevulose  is  given  to  animals  suffering  from  pancreatic  diabetes. 
A  dog  in  this  condition  received  400  grammes  of  Iffivulose  during  the 
three  days  preceding  its  death.  Some  200  grammes  were  excreted  in 
the  urine,  mostly  in  the  form  of  grape-sugar ;  in  the  liver  there  was 
8-14  per  cent,  of  glycogen,  and  in  the  muscles  0-81  per  cent.,  making  a 
total  of  about  90  grammes. 

In  the  face  of  these  facts  it  is  no  longer  possible  to  maintain  that 
diabetics  are  able  to  katabolize  l»vulose  directly.  The  only  conclusion 
that  can  be  safely  drawn  seems  to  be  that  diabetics  are  able  to  form 
glycogen  from  Iffivulose  within  certain  limits,  and  that  their  cells  can 
utilize  this  in  the  usual  way  in  performing  work.^  In  order  to  understand 
the  facts  observed  after  feeding  with  Uevulose,  the  mechanism  here  at 
work  must  be  explained  rather  more  fully.  Part  of  the  l»vulose  which 
flows  in  the  ported  vein  from  the  intestine  to  the  liver  becomes  fixed  as 
glycogen  in  the  latter.  Except  in  so  far  as  this  glycogen  is  used  locally 
for  the  work  done  by  the  liver  cells  and  for  the  formation  of  fat,  diabetic 
patients  can  make  no  use  of  it,  for  this  glycogen  is  returned  by  the  liver 
to  the  blood  as  dextrose,  and  is  of  as  little  use  as  if  given  as  dextrose  in 
the  first  instance.  Part  of  the  Iffivulose,  however,  passes  through  the 
liver.  A  certain  amount  may  be  eliminated  in  the  urine,  and  when  much 
Isevulose  is  given  in  severe  forms  of  diabetes  this  is  the  rule.  Some,  how- 
ever, is  taken  up  by  the  muscles,  is  there  polymerized  into  glycogen, 
and  utilized.    This  is  the  explanation  both  of  the  fact  that  diabetic 

^  N.  Zantz  {Berliner  Physiol.  OeaeUseh.,  June  22,  1894)  broii^t  forward  definite 
proof  that  muscular  work  can  be  done  by  katabolism  of  protein,  of  fat,  and  of  carbo- 
nydrate.  Thus  far  Zuntz  confirmed  the  results  of  former  metabolic  researches  and  cal- 
culations. Nevertheless,  Zuntz  did  not  prove  that  muscle  protoplasm  can  itself  utilize 
protein  uid  fat  just  as  well  as  it  can  carbohydrate.  Much  more  likely  is  it  that  carbo- 
hydrate is  first  formed  elsewhere  in  the  body  from  protein  and  fat,  and  that  the  blood 
carries  this  carbohydrate  ready  prepared  to  tne  muscles  [von  Noorden  (62a)]. 

*  That  IsBvuloee  can  be  converted  into  dextrose  in  the  animal  body  has  long  been 
known.  Von  Voit  (60)  first  suspected,  and  Minkowski  first  showed,  it  to  be  probable, 
that  one  way  of  doing  this  was  via  glycogen.  Whether  or  not  this  is  the  only  way  is  still 
an  open  question. 
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patients  metabolize  laevulose  better  than  they  do  dextrose,  and  of  the 
fact  that  after  administration  of  IsBVulose  there  may  be  much  glycosuria 
but  little  IsBvulosuria. 

It  is  not  every  diabetic  subject  who  can  thus  utilize  Iflevulose  better 
than  dextrose.  The  condition  is  not  constant  even  in  the  same  indi- 
vidual. Long-continued  feeding  upon  Isevulose  leads  to  impairment 
of  its  assimilation.  One  example  out  of  the  many  cases  that  I  have 
watched  will  indicate  what  I  mean  : 

A  female  patient,  aged  twenty-eight,  who  died  some  two  years  after 
the  following  observations  were  made,  was  put  upon  a  strict  and  fixed 
diet,  to  which  were  added  various  quantities  of  bread,  dextrose,  and 
laBvulose.  The  urine  at  that  time  never  contained  more  than  0*1  to 
0-2  gramme  of  acetone  in  twenty-four  hours,  and  gave  no  ferric  chloride 
reaction. 
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The  observation  was  interrupted  by  the  onset  of  menstruation  on  the 
fifth  day  of  giving  laBVulose.  The  latter  was  stopped  because  it  appeared 
to  have  no  particular  advantage  over  the  ordinary  bread.  From  this 
and  other  similar  determinations  it  appears  to  me  probable  that  the 
power  to  form  glycogen  from  IsBvulose  becomes  rapidly  exhausted  in 
severe  cases  of  diabetes.  It  would  be  well  worth  while  to  carry  out 
further  exact  researches  upon  this  point. 


4.  Relationships  between  Glycogen  Formation  and  Diabetie  Olyoosurla. 

If  the  above  conclusions  be  correct,  then  all  food-stu£fs,  whether 
carbohydrate  or  not,  which  prove  to  be  producers  of  glycogen  after 
extirpation  of  the  pancreas  must  increase  the  glycosuria  of  diabetics 
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to  a  much  less  extent  than  do  grape-sugar  and  starch.  It  is  not  so  mnch 
the  formation  of  glycogen  in  the  liver  as  that  in  the  muscles  which  is 
here  concerned. 

Hitherto  very  little  has  been  found  out  with  certainty  in  r^ard  to 
the  role  of  the  liver  in  this  respect,  and  practically  nothing  in  regard  to 
that  of  the  muscles. 

The  converse  would  be  that  substances  which  lead  to  glycogen  forma- 
tion in  healthy  people,  but  which  cause  no  storage  of  glycogen  after  ex- 
tirpation of  the  pancreas,  must  increase  diabetic  glycosuria.  That  this 
is  so  has  not  been  established.  It  would  entail  the  premise  that  the 
body  possessed  no  other  way  of  storing  carbohjrdrate  than  that  via 
glycogen.  It  is  only  in  the  case  of  dextrose  and  IsBvulose,  and  even  then 
only  as  far  as  metabolism  in  the  liver  and  muscles  is  concerned,  that  we 
possess  any  evidence  to  justify  such  an  assumption.  It  is  possible  that 
the  carbohydrate  which  is  formed  from  the  amido-acids  of  the  protein 
molecule  may  be  governed  by  quite  different  rules.  The  carbohydrate 
molecule  here  arises  within  the  cells  themselves,  and  may  perhaps — in 
ataiu  nascendi,  or  after  becoming  linked  to  other  molecules — ^become 
katabolized  by  the  cells  of  the  diabetic  patient  without  ever  becoming 
transformed  into  glycogen.  We  have  far  too  little  knowledge  to  be  able 
to  go  into  these  questions  in  detail.  The  peculiarities  which  have  to  be 
reckoned  with  are  shown,  for  example,  by  some  work  of  Liithje's  (67), 
from  which  it  appears  that  tissue  protein  is  katabolized  differently  to 
food  protein.  The  katabolism  of  the  former  increases  the  glycosuria 
far  less  than  does  that  of  the  latter.  Perhaps  the  old  hypothesis,  recently 
revived,  that  fatty  acids  must  be  converted  into  carbohjrdrate  before 
being  oxidized  in  active  muscles  may  presently  be  verified.  If  so,  it 
would  be  unlikely  that  glycogen  is  an  intermediate  step,  for  no  one  has 
yet  been  able  to  demonstrate  glycogen  formation  from  fatty  acids, 
though  there  are  many  points  in  favour  of  the  view  that  fatty  acids  are 
capable  of  producing  sugar. 

These  theoretical  discussions  show  how  much  work  is  yet  to  be  done. 
If  we  now  return  to  the  main  question,  the  most  probable  answer  seems 
to  be : 

The  power  of  converting  grape-sugar  into  glycogen  has  been  lost  by 
the  diabetic  subject  in  a  degree  varying  with  the  severity  of  the  case. 
Under  certain  conditions  the  same  applies  also  to  IsBvulose.  Hence  the 
physiological  depots  of  glycogen  become  empty,  and  there  is  defective 
combustion  of  sugar  because  the  muscles  cannot  poljrmerize  the  sugar 
which  reaches  them  in  the  blood-stream. 


5.  Defective  Formation  of  Fat  from  Carbohydrate. 

It  is  an  important  rdle  of  healthy  organs  to  sjnithesize  fat  from  the 
carbohydrate  which  is  not  at  once  used  up  or  converted  into  glycogen. 
When  carbohydrate  metabolism  is  out  of  order,  not  only  is  there  diffi- 
culty in  katabolizing  sugar  into  OOj  and  water,  but  the  synthesis  of  fat 
is  disordered  too  (68). 
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If  the  oxidation  of  carbohydrate  were  alone  defective,  it  could  not 
lead  to  persistent  and  severe  glycosuria  upon  a  diet  in  which  carbo- 
hydrates were  much  restricted.  Upon  such  a  diet  the  total  quantity 
of  new-formed  sugar  is  comparatively  small,  and  certainly  reaches  nothing 
like  the  amount  which  a  healthy  man  upon  full  diet  absorbs  and  utilizes. 
The  carbohydrate  not  required  in  the  muscles  and  glands,  and  so  forth, 
should  be  taken  up  by  fat  cells  and  converted  into  adipose  tissue,  as  it 
is  in  health.  Hyperglycsdmia  and  glycosuria  can  only  result  when  the 
sugar  molecule  has  become  inaccessible  to  the  fat-forming  as  well  as  to 
the  o^dizing  cells.  It  is  possible  that  the  fat-forming  process  depends 
upon  glycogen  formation  as  much  as  does  the  process  of  oxidation ;  but 
of  this  we  have  no  certain  knowledge. 

It  seems  to  me  that  the  following  idea  is  worth  consideration :  One 
might  suppose  that  there  are  patients  in  whom  only  the  power  of  kata- 
boUzing  sugar  is  wanting,  the  sjnithesis  of  fat  still  being  carried  on. 
Under  these  conditions  the  active  body  cells  would  be  bathed  in  fluid 
rich  in  sugar,  but  would  none  the  less  fail  because  they  could  seize  upon 
the  sugar  molecule  either  with  diflEiculty,  or  not  at  all.  A  sort  of  tissue 
hunger  would  result,  leading  to  a  reflex  increase  of  appetite  and  corre- 
sponding food  consumption.  The  latter  would  lead  directly  to  a  laying- 
on  of  fat. 

Such  people  would  be  suffering  from  sugar  disease,  but  would  not 
eliminate  any  sugar  in  the  urine.  They  would  become  obese.  The  "  fat 
disease  "  would  mask  the  diabetes.  The  condition  would  be  one  of  **  dia- 
betogenous  obesity,"  as  I  must  call  it,  in  contradistinction  to  the  usual 
doctrine  of  "  lipogenous  diabetes." 

The  above  conception  brings  us  to  the  following  clinical  schema: 

1.  There  are  cases  in  which  the  combustion  of  sugar  and  its  conver- 
sion into  fat  are  simultaneously  defective ;  glycosuria  of  various  d^rees, 
with  wasting  ;  ordinary  diabetes. 

2.  There  are  cases  in  which  the  combustion  of  sugar,  but  not  its 
synthesis  into  fat,  is  defective;  obesity  without  glycosuria;  masked 
diabetes.    These  cases  readily  develop  at  a  later  date  into— 

3.  Cases  in  which  the  combustion  of  sugar  is  defective,  and  the  heaping- 
up  of  carbohydrate  in  the  form  of  excessive  fat  also  begins  to  fail ;  obesity 
with  subsequent  glycosuria  ;  ordinary  diabetes  of  fat  people. 

By  going  one  step  further  cases  of  Group  3  become  cases  of  Group  1. 

I  r^ard  this  theory  as  well  justified,  though  there  are  many  gaps  in 
our  knowledge  which  can  only  be  fiUed  by  hypotheses.  Von  Leube, 
Krehl,  Pfliiger  (69),  agree  with  me.  B.  Naunyn  (70)  alone  raises  objec- 
tions. He  recognises  the  defective  formation  of  fat,  but  does  not  attri- 
bute it  to  any  actual  anomaly  of  metabolism.  He  thinks  that  the  forma- 
tion of  fat  from  the  hexose  molecule  is  not  sufficiraitly  rapid  to  keep  the 
percentage  of  sugar  in  the  blood  at  its  normal  low  level.  The  sugar 
drains  away  in  the  urine  before  it  can  be  transformed  into  fat.  The 
defective  formation  of  fat  is,  in  Naunyn's  opinion,  a  question  merely  of 
the  time  the  process  takes.  To  this  it  must  be  objected  that  nothing 
whatever  is  known  about  the  time  necessary  for  fat  formation,  and  that, 
in  comparison  with  a  person  on  antidiabetic  diet,  a  healthy  man,  fed  up 
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with  carbohydrate,  deals  with  yeiy  much  larger  quantities  of  carbo- 
hydrate in  a  given  time,  and  stores  it  up  as  fat. 

Whether  my  explanation  or  Naunyn's  is  correct,  or  whether  both 
must  be  changed  for  ajiother,  cannot  be  decided  to-day.  There  can, 
however,  be  no  difference  of  opinion  as  to  the  fact  that  fat  formation  is 
disordered  in  many  diabetic  patients. 


6.  Overproduetlon  of  Sugar. 

In  addition  to  defective  sugar  combustion,  an  increased  sugar  pro- 
duction has  always  figured  largely  in  all  theories  of  diabetes.  Many 
difficulties  surround  this  question,  because  so  little  is  known  about  the 
normal  production  of  sugar.  The  whole  matter  is  in  a  tangle,  and  can 
only  be  aprpoachcd  in  a  roundabout  way.  We  could  be  certain  of  an 
overproduction  if  we  knew  of  any  substances  which  did  not  lead  to  the 
formation  of  sugar  in  health,  but  did  so  in  diabetes.  Even  then  it 
would  be  necessary  to  inquire  whether  the  overproduction  was  primary 
and  fundamental,  or  whether  it  was  secondary,  and  due  to  the  draining 
away  of  sugar  and  to  the  carbohydrate  hunger  of  the  tissues.  The  view 
that  it  is  secondary  seems  to  hold  good  in  phloridzin  diabetes. 

Carbohydrates  themselves  can  hardly  be  expected  to  be  a  source  of 
overproduction.  It  is  their  normal  part  to  be  transformed  into  sugar. 
Any  excess  is  83mthesized  into  fat  by  the  tissues,  particularly  by  the  liver, 
and  perhaps  also  by  the  connective  tissues  [Bosenfeld  (80)].  Glycerine 
must  be  ranked  with  the  carbohydrates.  The  part  it  plays  in  connection 
with  fat  metabolism  in  diabetics  is  very  important  (see  below).  It  is 
at  least  probable  that  sugar  can  be  formed  from  it  [Kiilz,  M.  Gremer, 
Liithje  (81)].  Lecithin,  which  contains  glycerine,  must  also  be  men- 
tioned here  [Liithje,  Mohr  (82)]. 


(a)  Sugar  from  Protein. 

The  question  is  much  more  difficult  when  protein  is  considered. 
From  the  chapter  upon  Glycogenesis  it  will  be  remembered  that  it  is 
from  the  metabolism  of  diabetics  that  weighty  evidence  has  been  drawn 
as  to  the  origin  of  sugar  from  albuminates.  The  conclusions  rest  upon 
the  facts  that  diabetics  with  severe  glycosuria  continue  to  excrete  far 
more  sugar  than  is  contained  in  their  restricted  diet,  ajid  that  very  often 
their  increase  in  glycosuria  caji  be  shown  to  be  approximately  propor- 
tional to  any  increase  in  the  intake  of  protein.  The  classical  work  of 
Naunyn,  von  Mering  and  Kiilz  (83),  has  made  the  question  of  the  forma- 
tion of  sugar  from  protein  a  regular  basis  for  researches  in  physiological 
chemistry  (see  references  84,  88,  and  also  Vol.  I.).  Several  newer  observa- 
tions, partly  clinical,  partly  experimental,  confirm  the  older  doctrine. 
Pfliiger,  too,  who  is  a  severe  critic  of  all  the  work  that  has  been  done, 
inclines  to  support  it.  He  lays  particular  stress  upon  the  important 
evidence  afforded  by  some  researches  of  Liithje's  (86a). 
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The  simplest  way  for  a  physician  to  convince  himself  of  the  formation 
of  sugar  from  protein  is  for  him  to  put  a  diabetic  patient  for  some  days 
upon  a  diet  containing  little  protein  and  almost  no  carbohydrate.  The 
sugar  in  the  urine  falls  to  a  minimum.  If  albuminates  be  now  added  to 
the  diet,  the  amount  of  sugars  still  remains  low  in  many  cases.  The  patient 
has  developed  some  degree  of  tolerance,  as  the  result  of  simultaneous 
decrease  in  both  protein  and  carbohydrate — a  fact  well  worthy  of  atten- 
tion from  a  therapeutic  point  of  view.  In  particularly  bad  cases,  how- 
ever, the  sugar  quickly  rises  again  as  the  albuminates  are  increased. 
I  select  the  following  instance  from  among  a  great  number  I  have 
watched : 
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Diet. 

Sugar. 

Remarks.^ 

Om. 

I 

Oidinvy  Btrioi  diet 

48-2 

The  saw  was  estimated  in  the 
urine  Dy  Sozhlet's  method. 

2 

tt          ft        »t 
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— 
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— 
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— 
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21 

—                     ^ 

7 
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The  fiirure  "  300  grammes  "  repre- 
sents the  weight  of  the  meat  raw. 
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— 
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Atraoe 
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In  some  cases  the  difference  between  the  v^etable  and  the  meat  days 
in  regard  to  the  sugar  in  the  urine  is  even  greater.  Every  physician 
who  has  had  diabetic  patients  under  his  care  has  observed  the  same. 
Clinicians  are  unanimous  in  believing  that  sugar  can  be  formed  from 
protein.  Pfliiger  raises  objections  to  the  evidence  of  such  observations. 
He  thinks  diabetic  patients  are  not  to  be  trusted.  He  ventures  the  sug- 
gestion that,  longing  for  bread,  as  these  people  always  are,  they  may 
have  been  surreptitiously  supplied  with  carbohydrate  at  the  critical 
moment.  In  making  such  an  objection  the  physiologist  is  underestimat- 
ing the  scientific  powers  of  the  physician  and  the  will-power  of  the  patient, 
who  is  keenly  interested  in  what  is  for  his  own  welfare. 

Pfliiger,  however,  does  allow  that  sugar  can  be  produced  from  protein 
to  a  limited  extent — ^namely,  in  so  far  as  the  carbohydrate  is  contained 
preformed  in  the  protein  molecule.    He  refers  to  the  thesis  written  by 

^  On  the  vegetable  diet  days  400  grammes  of  asparagus  were  eaten  for  breakfast ; 
at  midday  and  at  supper  there  were  alternations  between  spinach,  sauerkraut,  green 
French  beans,  green  hiarioot  beans,  and  lettuce.  In  addition  to  these,  there  was  a  daily 
allowance  of  two  salted  cucumbers  of  medium  size,  the  yolks  of  seven  eggs,  60  to  80 
grammes  of  bone-marrow,  50  to  60  grammes  of  pure  lard,  and  unlimited  butter — a  total  of 
about  200  fframmes  of  fat  per  diem.  Black  coffee,  tea,  lemon-squash,  and  strong  beef- 
tea  in smaliquantities  were  the  fluids  gireo. 
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him  long  ago,  and  maintains  that  the  protein  nucleus  combines  with 
carbohydrate  to  form  a  sort  of  glucoside,  but  that  the  carbohydrate 
constitutes  no  integral  part  of  the  protein  molecule.  This  conception 
of  the  glucoside  nature  of  many  proteids  has  been  thoroughly  established. 
We  discussed  the  matter  fully  elsewhero  in  this  work.  I  would  also 
refer  the  reader  to  the  important  researches  of  Kossel,  Pavy ,  Miiller,  Kraw- 
kow,  Blumenthal  and  Langstein  (87),  and  to  the  excellent  list  of  further 
references  given  by  Langstein  (88).  There  are,  however,  weighty  argu- 
ments against  the  preformed  sugar  of  the  proteid-complez  being  the  only 
souree  of  sugar  from  protein.  Casein,  which  of  all  protein  stuffs  is  the 
poorest  in  preformed  carbohydrate,  is  a  very  potent  producer  of  sugar 
in  cases  of  diabetes  (89)  [Liithje,  Falta,  von  Noorden,  Mohr,  Therman  (89)]. 
Cohn  and  Miiller  (90)  have  drawn  attention  to  another  atom-complex 
of  the  protein  molecule  as  a  possible  source  of  sugar — ^namely,  the  amido 
fatty  acids.  Leucin,  which  is  the  first  to  occur  to  one's  mind,  has  not 
yet  been  absolutely  proved  to  be  convertible  into  sugar  (91) ;  but  an 
observation  made  in  my  wards  by  Mohr  (92)  renders  the  origin  of  sugar 
from  it  very  probable.  On  the  other  hand,  it  has  been  definitely  shown 
that  alanin  can  give  rise  to  glycogen  in  non-diabetic,  and  to  sugar  in 
diabetic  animals  (92).  The  same  has  been  shown  for  asparagin  (93) 
and  for  glycocoll  [Embden  and  Salomon]. 


Fed  8vb«ktnu. 

Sugar-^ 

Before  Feeding. 

Day  of  Feeding. 

Day  after  Feeding. 

Alanin 

Alanin 

Asparann 

Glycoooll 

Glycocoll 

Glycocoll 

Alanin 
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6-20 
1-70 
1-79 
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2-46 
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19-60 

8-48 
10-05 

6-26 

7-90 
18-00 

.    Om. 
19-30 
3-60 
2-45 
2-46 
7-00 
3-00 
6-20 

The  above  are  Embden  and  Salomon's  figures.  Mohr  (93a)  obtained 
similar  results  with  alanin,  asparagin,  and  glycocoll.  Benzoic  acid 
diminished  the  glycosuria  of  dogs  suffering  from  pancreatic  diabetes. 
Perhaps  the  benzoic  acid  takes  up  some  of  the  glycocoll,  and  prevents 
it  from  taking  part  in  the  formation  of  sugar. 

In  view  of  these  careful  proofs  that  such  constituents  of  protein  are 
really  sugar-producers  both  in  non-diabetio  and  in  diabetic  subjects, 
Pfliiger's  principal  objections  to  the  production  of  sugar  from  protein 
fall  through.  None  the  less,  we  must  be  extremely  grateful  to  this 
observer  for  his  minute  and  careful  criticism  of  the  earlier  work  upon 
this  subject— criticism  which  has  made  it  easier  to  avoid  errors  in  sub- 
sequent researches.  His  own  very  exact  observations  upon  feeding  dogs 
suffering  from  pancreatic  diabetes  i^th  cod  and  with  nutrose  free  from 
glucoside  are  at  least  not  incompatible  with  the  formation  of  sugar 
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from  protein,  although  it  muat  be  granted  that  the  results  might  equally 
well  be  explained  by  the  formation  of  sugar  from  fat  (94). 

It  is  of  very  great  importance,  from  the  point  of  view  of  diabetes,  to 
know  with  certainty  how  much  sugar  can  be  formed  from  protein.  Each 
variety  of  protein  must  be  investigated  separately  as  regards  this  point. 
Neither  the  amount  of  loosely-combined  carbohydrate,  nor  the  quality 
and  quantity  of  the  amido-fatty  and  other  acids  in  the  protein  nucleus, 
nor,  perhaps,  the  intrinsic  sugar-forming  groups  which  we  expect  to  dis- 
cover in  the  future,  are  the  same  in  all  protein.  Numerous  researches 
have  been  carried  out.  The  question  is  all-important,  not  merely  for 
the  theoiy  of  diabetes,  but  also  for  the  dietetic  treatment  of  the  condi- 
tion. Different  forms  of  protein  have  been  given,  one  at  a  time,  to 
diabetic  patients  by  Liithje,  Stradomsky,  Schuman-Leclerq,  Falta,  Mohr, 
and  Therman  (96).  The  observations  are  extremely  difficult  to  carry 
out,  and  still  harder  to  draw  conclusions  from.  They  must  extend  over 
a  considerable  time.  The  tolerance  of  diabetic  i>atients  may  vary  spon- 
taneously, and  within  wide  limits,  during  the  experiments.  It  is  not  to 
be  wondered  at  that  the  results  have  not  been  uniform.  It  seems  to 
be  a  general  rule,  however,  that  v^etable  proteins  and  egg-albumin, 
which  are  particularly  rich  in  glucoside  sugar,  have  the  least  tendency 
to  evoke  glycosuria,  whilst  meat  protein  and  casein,  both  of  which  con- 
tain little  glucoside,  increase  the  glycosuria  to  a  considerable  extent. 
Eveiy  form  of  food  protein  causes  more  glycosuria  than  does  the  breaking- 
down  of  tissue  protein  [Luthje  (67)].  I  must  add  that  my  own  clinical 
and  experimental  experience  is  that,  in  addition  to  variations  in  the 
quality  of  the  ingesta,  there  are  undefined  personal  factors  in  each  indi- 
vidual  diabetic  which  greatly  modify  the  results.  This  is  very  clearly 
seen  in  the  case  of  vegetable  protein,  which  is  usually  bom  well  in  com- 
parison to  egg-albumin,  and  very  well  indeed  compared  to  meat  protein, 
and  yet  sometimes  gives  the  worst  results.^  Falta  has  observed  the  same 
in  cases  fed  upon  casein. 

It  is  probable  that  other  factors  besides  the  varying  amounts  of 
glucoside  sugar  and  of  sugar-forming  amido-fatty  acids  in  the  different 
kinds  of  protein  are  of  importance  in  the  ^ects  the  latter  have  upon  the 
glycosuria.  The  time  is  not  yet  ripe  for  discussing  these.  Falta  (96) 
has  drawn  attention  to  a  series  of  questions  upon  which  it  is  to  be  hoped 
that  research  will  be  made  in  the  future.  He  points  out,  for  example, 
the  great  difference  there  is  between  casein  and  egg-albumin  as  regards 
rapidity  of  katabolism.  Egg-albumin  is  broken  down  much  the  more 
slowly.  Perhaps  this  helps  to  explain  its  slighter  influence  upon  glyco- 
suria. 

Kraus  (96),  using  the  knowledge  that  a  sugar  can  be  formed  from 
amido-acids,  has  endeavoured  to  find  out  whether  the  tissue  protein  of 
an  animal  which  is  thus  forming  sugar  from  albuminates  becomes  depleted 
of  amido-acids.  As  Kraus  points  out,  there  might  in  this  way  arise  "  a 
partial  deterioration  of  the  chemical  type."    He  found  that  mice  which 

^  There  is  an  observation  of  Mohr's  which  bean  upon  this  point  (82).  My  observations 
vpon  the  action  of  yegntable  protein  were  made  partly  with  Roborat,  partly  with  a  rice 
proteid  from  Bremer's  l>read  manufactory,  partly  with  a  wheat  protein  which  was  supplied 
to  me  in  bulk  from  Hoffmann's  starch  worn. 
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had  succumbed  to  phloridzin  diabetes  contained  less  monamino-acid 
nitrogen  than  normal,  and  particularly  less  leucin,  in  proportion  to  the 
total  protein  in  the  body.  Perhaps  his  methods  were  not  free  from 
objection,  and  his  results  may  not  be  conclusive  [Abderhalden,  Bergell, 
Dorpinghaus  (97)]  ;  but  he  has  opened  up  a  line  of  research  which  should 
be  very  fruitful.  Pfliiger  found  that  the  total  nitrogen  and  total  ash 
residue  showed  no  departure  from  normal  in  a  dog  which  died  of  pan- 
creatic diabetes.  He  does  not  at  all  incline  to  any  theory  which  assumes 
an  alteration  in  the  intrinsic  nature  of  the  proteids  in  diabetes  (97b). 

Magnus-Levy  (08)  has  approached  the  queston  of  sugar-production 
from  protein  in  a  no  less  original  way,  and  from  quite  a  different  side. 
He  calculated  what  the  respiratory  quotient  of  a  diabetic  patient  should 
be  if  he  supplied  the  oxidation  processes  entirely  from  fat  and  albuminates 
free  from  carbohydrate.  The  figures  would  lie  between  0-706  and  0*613. 
This  is  what  is  actually  found  in  severe  cases  of  diabetes,  as  Magnus- 
Levy  points  out.  Pfliiger's  (07a)  criticism  of  these  calculations  seems 
to  me  to  go  too  far.  Even  if  we  must  accept  Pfliiger's  objections  upon 
many  points,  upon  this  one  they  do  not  seem  to  be  valid. 

It  must,  therefore,  be  allowed  that  severe  cases  of  diabetes  do  form 
some  sugar  from  protein.  We  do  not  know,  however,  to  what  extent 
this  can  occur.  Until  quite  recently  the  general  view  was  that  almost 
the  whole  of  the  nitrogen-free  residue  of  the  protein  molecule  was  con- 
verted into  carbohydrate  previous  to  oxidation.  Landergren  (00)  dis- 
putes this.  He  states  that  the  production  of  glycogen  or  sugar  from 
protein,  apart  from  the  mere  splitting  off  of  the  preformed  carbohydrate, 
is  only  a  last  resort — that  is  to  say,  it  only  occurs  when  there  is  no  other 
carbohydrate  whatever  at  hand.  If  this  be  correct,  such  a  process  of 
sugar-formation  must  be  r^arded  as  abnormal  even  in  diabetes,  and 
the  overproduction  of  such  sugar  would  be  truly  secondary. 

Should  this  necessity  for  sugar-formation  from  protein  arise,  the 
maximum  proportion  of  such  sugar  to  protein  nitrogen  should  theoreti- 

D 

cally  be  8  : 1  [von  Mering,  Landergren  (100)].    The  ratio  ^  (i.e.,  dextrose 

to  nitrogen)  has  figured  largely  in  the  literature  upon  this  question,  since 
Minkowski  (63)  showed  that  in  dogs  suffering  from  diabetes  following 
upon  total  ablation  of  the  pancreas  a  diet  completely  free  from  carbo- 

D 

hydrate  usually  rendered  the  urine  quotient  j^  2*8  or  less.    Minkowski 

concluded,  from  the  constancy  of  this  quotient,  that  this  may  be  the 
ratio  in  which  the  body  tissues  produce  sugar  from  protein.  He 
assumed,  however,  that  an  animal  without  a  pancreas  can  no  longer 
utilize  any  sugar  at  all,  and  that  all  the  sugar  that  might  be  produced 
would  appear  in  the  urine.  This  assumption  is  certainly  not  justified, 
as  Liithje  (101)  shows.  Moreover,  both  in  experimental  phloridzin 
diabetes  (102)  and  in  human  diabetes  mellitus  (102a)  much  higher 
quotients  have  been  met  with,  approaching  more  nearly  to  the  theoretical 
maximum  of  8  :  1,  and  even  exceeding  this  (see  below).  Moreover, 
even  after  total  extirpation  of  the  pancreas,  both  lower  (94)  and  higher 
figures  have  been  obtained  (61). 
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Fresh  diflcussion  upon  the  quotient  ^  has  recently  been  aroused  by 

Pfliiger  and  Minkowski  (101a).  The  latter  maintains  that  in  dogs  suffer- 
ing from  experimental  pancreatic  diabetes  this  quotient  is,  upon  the 
average,  2-8  with  remarkable  constancy,  though  there  may  be  consider- 
able daily  variations.  The  constancy  of  this  average,  however,  cannot 
be  held  to  justify  the  interpretation  which  Minkowski  originally  gave  it. 

It  is  only  under  particular  circumstances  that  the  figures  have  been 
anything  like  constant.  In  an  extreme  degree  of  phloridzin  diabetes  the 
quotient  is  4  to  5  :  1.  It  is,  of  course,  assumed  that  the  diet  contained 
no  carbohydrate.  If  it  contained  any,  the  amount  must  be  deducted 
from  the  total  sugar  in  the  urine  before  the  ratio  D  :  N  is  calculated. 
Neither  from  these,  nor  from  the  much  higher  figures  afforded  by  human 
pathology,  can  any  definite  conclusion  be  drawn  as  to  the  ratio  D  :  N 
giving  any  clue  to  the  proportion  in  which  sugar  is  jrielded  by  protein. 
It  is  a  priori  very  improbable  that  all  the  various  atom-complexes  of 
the  protein  molecule,  after  removal  of  the  carbon  necessary  for  the 
formation  of  urea,  etc.,  should  pass  through  a  carbohydrate  stage  in  the 
process  of  katabolism.  It  appears  certain  that  this  is  not  the  case 
under  normal  conditions  [Landergren  (99)].  In  severe  diabetes  it  would 
seem  that  it  only  takes  place  when  absolutely  no  other  material  is  left 
upon  which  to  carry  on  the  various  bodily  functions.    To  explain  so 

D 

high  a  ^  quotient  as  8 : 1  in  this  way  would  only  be  justifiable  if  it 

were  absolutely  certain  that  there  was  no  other  source  of  sugar  left  in 
the  body  except  preformed  carbohydrate  and  protein. 


(6)  Suffar-farmation  from  Fat. 

There  is  much  more  evidence  that  fat  can  be  a  source  of  sugar- 
production.  Against  such  a  view  Naunyn  and  von  Mering  have  brought 
forward  the  facts  that  the  giving  of  fat  neither  increases  the  hepatic 
glycogen  of  a  healthy  animal,  nor  increases  the  glycosuria  of  a  diabetic 
animal  or  man.  That  the  latter  point  is  true  has  been  long  established 
clinically  (102b).  Exact  research  upon  the  point  has  been  carried  out 
by  Weintraud,  Hirschfeld,  Liithje,  Schwarz,  and  Hiibner  (102o).  I 
have  myself  confirmed  the  results,  having  made  many  exact  observations 
upon  the  effects  of  giving  maximal  quantities  of  fat — up  to  300  or 
400  grammes — ^per  diem.  Details  of  these  experiments  are  given  by 
my  pujnls  [von  Lengyel,  Mohr,  and  Loeb  (102d).  Loewi  and  Schmid  (103) 
found  the  same  thing  in  phloridzin  diabetes,  and  Minkowski  (53)  in 
experimental  pancreatic  diabetes  in  dogs. 

It  has  been  proved  that  glycerin,  a  constituent  of  fat,  can  produce 
sugar.  The  next  question  is  whether  or  not  sugar  can  also  be  formed 
from  the  fatty  acids. 

The  objection  that  is  based  upon  the  results  of  experimental  feeding 
with  fat  can  be  disposed  of  at  once.  No  increase  in  the  glycosuria  could 
be  expected  to  follow  increased  fat  consumption  unless  this  additional 
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supply  of  fat  caused  increased  fat  combustion.  This,  however,  is  not  the 
case.  The  conditions  here  are  altogether  different  to  what  they  are 
in  the  case  of  protein,  increased  administration  of  which  is  directly 
followed  by  its  increased  katabolism.  The  amount  of  fat  broken  down 
by  diabetics  is  approximately  the  same  whether  much  or  little  be  given, 
llie  only  difference  would  be  that  in  the  former  case  the  material  kata- 
bolized  would  be  that  just  absorbed  from  the  food  ;  in  the  latter  case,  that 
previously  stored  up  in  the  body.  My  pupil,  Bosenqvist  (102a),  gives 
a  clear  account  of  this.  Pfliiger  (104)  has  recently  expressed  the  same 
opinion,  and  obviously  without  being  acquainted  with  Bosenqvist's  work. 

A  second  objection  must  now  be  met.  There  is  no  known  chemical 
equation  for  the  development  of  sugar  from  fat,  and  no  one  has  yet 
succeeded  in  obtaining  sugar,  or  even  sugar-like  bodies,  from  fatty  acids 
in  vitro.  It  is  well  known,  however,  that  the  reverse  change  can  readily 
be  brought  about  by  the  living  organism.  If  the  conversion  of  atoms 
can  and  does  occur  one  way  round,  then  by  Hoff's  law  their  conversion 
in  the  reverse  direction  must  be  possible.  The  phenomena  of  botany 
serve  as  an  example.  Plants  form  sugar  from  fat  with  great  readiness. 
Pfliiger  (104)  has  even  evolved  a  chemical  equation  by  which  this  con- 
version may  occur.  Seeing,  moreover,  that  the  formation  of  sugar  from 
amido-fatty  acids  has  been  definitely  proved,  it  would  be  the  extreme  of 
obstinacy  not  to  allow  the  possibility  of  sugar-production  from  fat  itself. 

Recent  researches,  carried  out  in  my  laboratory  by  Embden,  Salomon, 
and  Schmidt  (104a),  have  thrown  considerable  light  upon  the  chemistry 
of  the  process.  These  observers  showed  that  the  aliphatic  monamino- 
monocarbon  acids,  which  are  derived  from  the  protein  molecule  in  the 
body,  are  broken  down  into  fatty  acids,  and  then  suffer  the  same  fate  as 
do  the  other  fatty  acids.  A  bridge  is  thus  thrown  across  between  the 
two  opposing  camps,  of  which  the  one  holds  out  for  sugar-formation 
from  protein,  or,  at  least,  from  the  amino-acids  of  albuminates,  the  other 
for  sugar-formation  from  fatty  acids.  Among  the  katabolic  products, 
both  of  the  fatty  acids,  of  the  protein  amino-acids,  and  of  lactic  acid 
(which  beyond  doubt  leads  to  the  formation  of  sugar),  the  same  bodies 
occur — ^namely,  acids  contaimng  two  atoms  of  carbon,  which  are  perhaps 
the  most  important  of  all  immediate  sources  of  sugar  within  the  body. 
Further  researches  upon  this  subject  are  in  progress. 

There  is  a  third  objection.  It  has  been  maintained  that  in  all  known 
instances,  provided  there  be  no  carbohydrate  in  the  food,  the  nitrogen- 
free  residue  of  the  protein  molecule  is  sufficient  to  account  for  all  the 
sugar  that  appears  in  the  urine ;  more  than  sufficient  if  the  glycerin 
derived  from  the  breaking-down  fat  is  counted  in  as  well.  It  may  be 
rejoined  that,  clinically,  Bumpf,  Bosenqvist,  Mohr,  and  A.  Hesse  (105) 
often  found  six  to  eight  times  more  sugar  than  nitrogen  excreted  in  the 
urine.  Those  who  oppose  the  doctrine  that  fat  can  form  sugar  (106)  must 
in  these  cases  assume  that  the  whole  of  the  nitrogen-free  protein  residue 
passes  through  a  carbohydrate  ph€ise  during  its  katabolism.  This, 
however,  is  an  uncalled-for  hypothesis,  and  one  which,  as  we  have  seen, 

is  not  even  probable.    In  some  cases  [Mohr,  Ascoli  (107)]  the  quotient  ^ 


METABOLISM  IN  DIABETES  MELLITUS  667 

rose  beyond  the  critical  point  8,  so  that  the  explanation  will  not  hold 
good,  and  other  sources  of  sugar  must  be  sought  for.  In  one  case  of 
Liithje's,  mentioned  by  Pfltiger  (107a),  the  quotient  rose  as  high  as  14*6. 
Umber  (108)  has  raised  a  fourth  objection,  which  appears  more 
weighty.  He  calls  attention  to  the  fact  that  the  protein  molecule, 
when  it  begins  to  undergo  katabolism,  need  not  be  disint^rated  into 
the  end-products  of  metabolism  all  at  once.  It  is  possible  that  the 
katabolism  may  be  partial,  or  at  least  gradual.  If  this  were  so,  sugar- 
forming  chains  might  be  split  o£f  first,  leaving  behind  the  atom  groups 
which  contained  nitrogen.  The  nitrogen  in  the  urine  would  then  be 
no  measure  of  the  amount  of  protein  which  in  any  given  time  is  helping 

D 

to  form  sugar.    The  quotient  r^  would  lose  its  significance,  and  equally 

so  whether  the  nitrogen  deficit  came  about  from  incomplete  protein 
katabolism,  or  whether  it  were  due  to  defective  elimination  of  the 
nitrogenous  end-products  of  metabolism.  Consequently  many  authors 
[Liithje,  Hesse,    Loewi,   Langstein,    Landergren]  see  no  necessity  for 

attaching  any  great  importance  to  very  high  z^  quotients,  or  for  con- 
cluding from  them  that  fat  must  also  be  a  source  of  sugar.  None  of 
the  researches  carried  out  up  to  the  present  (102a,  105)  serve  to  allay 
this  objection  entirely,  although  there  are  a  few  observations  here  and 
there,  such  as  those  of  Mohr's  (102a),  which  render  it  difficult  to  maintain. 
Peraonally,  I  regard  Mohr's  work  as  good  evidence  against  the  objection, 
notwithstanding  Landergren's  criticisms,  but  I  quite  agree  that  further 
observations  must  be  made.  It  is  not  easy  to  make  them.  The  number 
of  cases  of  diabetes  in  which  the  excretion  of  sugar  is  so  excessive  is  small. 
It  is  very  difficult,  with  patients  who  are  so  ill,  to  carry  out  a  long  series 
of  observations  such  as  are  desirable  to  ensure  certainty  in  the  results. 
The  objections  raised  by  Umber  and  others  can  only  hold  good  over 
comparatively  short  periods. 

The  net  result  of  researches  so  far  has  been  to  show  that  the  critical 

8  D 

value  T  for  the  quotient  ~  is  mainly  theoretical,  and  that  the  actual 

findings  exhibit  wide  variations.  The  production  of  something  like  4*4 
parts  of  carbohydrate  from  1  part  of  protein  may  be  regarded  as  to  some 
extent  proved  [M.  Buhner  (109)].  AU  higher  estimations  seem  to  be 
accidental  coincidences. 

We  shall  only  give  a  brief  mention  of  the  attempts  to  prove  sugar- 
formation  direct  from  fat  which  are  based  upon  estimations  of  the  total 
carbohydrate  before  and  after  liver  emulsion,  blood,  etc.,  have  been 
incubated  along  with  fat  or  fatty  acids.  Some  observers,  such  as  Seegen, 
Weiss,  and  Bunge  (110),  find  positive  results;  others,  such  as  Zuntz  and 
Cavazzani,  Mortuori,  Jacoby,  Abderhalden,  and  Bona  (HI),  negative. 
The  question  must  be  left  open.  One  might  expect  that  experimental 
transfusion  of  liver  and  muscles  would  yield  more  conclusive  results. 
Positive  findings  alone  could  be  admitted  as  evidence.  Sugar-formation 
from  fatty  acids  is  certainly  a  very  complicated  process.    Surviving  organs 
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may  no  longer  be  in  condition  to  complete  the  necessary  syntheses  and 
dissociations,  which  may  be  easy  enough  during  life.  Some  transfusion 
experiments  that  Embden  and  Glaus  undertook  in  my  laboratory  were 
entirely  negative  as  regards  sugar-formation  from  fatty  acids. 

Observations  upon  the  respiratory  quotient  are  equally  inconclusive. 
Cremer  (112)  has  shown  that  the  older  observations  were  defective. 
More  recent  and  well-designed  experiments  made  by  Lusk  (113)  merely 
show  that  administration  of  fat  causes  no  increase  of  fat  katabolism  in 
diabetic  subjects.  No  fresh  light  is  thrown  upon  the  question  of  sugar- 
production  from  fat. 

A  fact  observed  by  Bouchard  and  Degrez  (114)  is  noteworthy. 
When  they  gave  large  quantities  of  fat  to  animals  suffering  from  extreme 
phloridzin-poisoning,  glycogen  became  increased,  not  in  the  liver,  but  in 
the  muscles.  They  concluded  that  the  muscles  form  carbohydrate  from 
fat.  There  are  many  objections  to  such  a  conclusion,  but  their  aspect 
of  the  case  is  of  sufficient  interest  to  stimulate  fresh  experiments  upon  it. 

To  sum  up,  there  is  no  conclusive  proof  that  sugar  can  be  formed  from 
fat.  It  must  be  allowed,  however,  that  since  the  year  1893,  when  I 
again  raised  the  question  which  had  lain  dormant  since  Seegen's  inexact 
and  inconclusive  experiments,  and  when  I  brought  forward  new  points 
for  consideration,  my  own  views  upon  the  formation  of  carbohydrate 
from  fat  have  been  favourably  supported,  particularly  through  the 
influence  of  Pfliiger  (104).  I  then  described  the  formation  of  sugar  from 
fat  as  "facultative."  I  meant  by  this  that  fat  need  not  always,  nor 
even  as  a  rule,  follow  this  line  of  katabolism,  but  that  in  case  of  necessity 
— that  is  to  say,  when  there  is  no  supply  of  ordinary  carbohydrate  to 
hand,  and  when  the  carbohydrate  derived  from  albuminates  is  insuffi- 
cient to  cover  the  needs  of  the  body,  then  fat  can  be  utilized  for  the 
formation  of  sugar.  Landergren  (99)  now  speaks  in  similar  terms  of 
the  formation  of  sugar  from  protein.  Whether  we  must  thus  limit  our 
views,  or  whether  sugar- formation  from  fat  is  a  r^ular  daily  process  in 
health,  are  questions  for  the  future  to  decide. 

(c)  Secondary  Overproduction  of  Sugar. 

If  we  now  return  to  the  question  whether  or  not  overproduction  of 
sugar  may  be  regarded  as  one  of  the  causes  of  hyperglycsemia  in  diabetes 
mellitus,  nowhere  in  the  whole  literature  of  experimental  work  do  we  find 
any  intimation  that  this  flooding  of  the  blood  with  sugar  may  be  due  to 
excessive  splitting  off  of  carbohydrate  radicals  from  protein,  or  to  new 
formation  from  fat,  and  thus  be  a  primary  and  fundamental  cause.  It 
would  seem  that  this  overproduction  of  sugar  plays  but  a  secondary 
part  in  diabetes — that  it  is  the  consequence  of  sugar  hunger  in  the 
tissues.  The  ceUs  of  the  body  are  constantly  in  need  of  carbohydrate 
when  at  rest,  and  stiU  more  so  when  doing  work  ;  they  are  unable  to 
make  use  of  the  sugar,  though  in  hyperglycaBmia  they  are  bathed  in  an 
abundance  of  it ;  the  same  chemical  stimuli  which  in  health  bring  about 
emptying  of  glycogen  depots  or  lead  to  new  formation  of  carbohydrate 
do  so  still  in  diabetes  ;  fresh  sugar  is  constantly  being  sent  along.    The 
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reserves,  which  a  healthy  man  always  keeps  up,  are  drawn  upon.  In 
severe  diabetes  the  sugar-supplying  organs  have  to  go  on  producing  as 
much  sugar  as  they  would  in  a  healthy  man  who,  after  hard  work,  had 
exhausted  all  his  stored  sugar,  and  yet  went  on  working.  The  only 
difference  is  that  whereas,  in  the  healthy  man,  the  sugar  thus  supplied 
could  be  utilized  to  satisfy  the  need  for  it,  in  severe  diabetes  the 
protoplasm  of  the  cells  seems  unable  to  seize  it  and  convert  It  into  useful 
glycogen  ;  the  sugar  is  allowed  to  pass  by  unused. 

In  r^ard  to  the  chemical  process  by  which  sugar-production  is 
reflezly  evoked,  we  must  here  mention  the  views  which  von  Noorden 
and  Embden  (114a)  have  recently  propounded  concerning  the  circulation 
of  carbohydrates.  Just  as  in  the  liver  [Embden  and  Almagia],  so  also  in 
the  muscles,  it  is  probable  that  lactic  acid  is  formed  from  sugar.  Part 
of  this  lactic  acid  reaches  the  blood,  in  which  the  percentage  of  lactic 
acid  is  known  to  rise  during  muscular  exertion.  We  believe  that  this 
lactic  acid,  formed  from  sugar  in  the  muscles,  becomes  built  up  into 
sugar  again  elsewhere  in  the  body.  It  is  known  that,  after  extirpation 
of  the  liver,  sugar  disappears  from  the  blood,  whilst  lactic  acid  rapidly 
increases.  It  is  but  one  step  further  to  suppose  that  this  is  due  to  the 
absence  of  some  hepatic  or  other  ferment  capable  of  converting  lactic  acid 
into  sugar.  Perhaps  it  is  the  advent  of  lactic  acid  to  the  Uvcr  which 
gives  the  signal  that  the  tissues  need  sugar,  and  causes  fresh  supplies  to 
be  sent  to  them.  Lactic  acid  is  a  strong  sugar-producer  in  diabetic 
patients.    The  following  is  an  example  of  Om  : 

A  T.,  aged  twenty-four  years,  was  reoeiying  a  fixed  diet  oontaining  no  carbo- 
hydrate and  very  little  meat.  On  certain  days  100  grammes  of  sodium  lactate  (the 
lactic  add  was  obtained  by  fermentation  of  milk)  were  given  in  eight  portions  daring 
the  twenty-four  horns. 
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Probably  some  lactic  acid  passed  into  the  urine  unchanged,  but  it 
could  not  be  detected  with  certainty.  Embden  and  Salomon  (114b), 
working  in  my  laboratory,  had  previously  found  increased  glycosuria  in 
a  dog  suffering  from  pancreatic  diabetes  when  lactic  acid  was  given. 
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The  only  primary  overproduction  we  can  8i>eak  of  is  in  those  cases 
of  hyperglycemia  and  glycosuria  which  follow  piqiire,  and  result  from 
sudden  emptying  out  of  reserve  stores  of  glycogen.  We  have  seen  that 
such  phenomena  may  occur  even  in  true  diabetes,  leading  to  a  transitory 
but  extreme  rise  in  the  glycosuria. 


E.— PAHCBEATIC  DIABETES. 

Defective  action  of  the  pancreas  is  the  only  cause  of  those  disturbances 
in  carbohydrate  metabolism  which  occur  in  diabetes,  such  as  the  poorness 
of  the  organs  in  glycogen  and  the  defective  katabolism  of  carbohydrate, 
that  has  been  proved  with  any  certainty  hitherto.  De  Dominicis  of 
Naples  (115)  discovered  this  simultaneously  with  von  Mering  and 
Minkowski  (116),  but  the  doctrine  of  pancreatic  diabetes  is  always 
associated  with  the  latter  names.  Minkowski  (117),  in  particular,  has 
gone  so  fully  into  all  the  questions  that  arose  from  the  original  discovery, 
and  has  worked  out  all  the  points  so  thoroughly,  that  hardly  anything 
fresh  has  been  added  by  other  observers. 

This  is  not  the  place  to  enter  upon  the  multitudinous  literature  of 

experimental    pancreatic    diabetes.       I    would    refer    the    reader    to 

Minkowski's  monograph,  and  to  his  complete  list  of  references  to  the 

pathological  aspect  of  the  question ;  also  to  the  references  given  by 

L6pine  and  Sauerbeck  (118).    I  must  also  mention  Pfliiger's,  Minkowski's, 

and  Ziilzer's  new  contributions   (118a).    Other  important  researches 

that  throw  light  upon  certain  aspects  of  metabolism  are  alluded  to  in 

other  parts  of  this  chapter. 

^      After  complete  ablation  of  the  pancreas  in  a  dog  severe  diabetes  sets 

I    in,  beginning  after  a  few  hours  and  reaching  its  height  in  from  one  to 

/    two  days.    It  ends  fatally,  as  a  rule,  in  a  few  days,  and  at  longest  in  a  week 

^or  two.    The  clinical  features  and  the  metabolic  changes  of  the  condition, 

except  in  a  few  minor  details,  are  identical  with  those  of  diabetes  in  man. 

There^are  polyphagia,  polyuria,  pdydipsia.  hyperglycemia,  muchjfly^ 

cosuria,  .gygji  wtoli!ftirbo^y^rat^°  ftrg  w^thhf>ldj[^sap^^ftn"<^  ^f  EfjSjPZ^^ 

from  the  tissues,  emac^tion,  loss  of  power,  excretion  of  larffft  qnii.Tiff]HAa  nf 

^acetone  and ^llied  bodies  and  of  tLmrpnnifk^  ftnHing  jgjf.ji  nnmft.  5^pjNlAfl.fli 

The  following  detsSs  must  IBe^mentioned  : 

1.  Pancreatic  diabetes  can  be  produced  not  only  in  the  dog  and 
in  other  mammals,  but  also  in  cold-blooded  animals  and  in  birds.  In 
the  latter^  there  is  often  hyperglycaBmia  only,  without  any  sugar  being 
excreted  in  the  urine  [Kausch  (119)].    In  cold-blooded  animals  there 

^  In  cases  where  birds  do  not  develop  glyoosnria  after  ablation  of  the  pancreas,  it 
must  be  remembered  that  duriiu;  carbohydrate  katabolism  in  muscles  lactic  acid  is  formed, 
and  is  given  up  to  the  blood,  m  mammals  this  lactic  acid  is  at  least  partly  resynthesized 
into  sugar  in  tne  liver,  and  thus  leads  to  an  increase  in  the  hyperglycemia  and  glycosuria. 
In  birds  there  is  another  and  broader  path  open  to  this  lactic  acid  :  it  may  become  uric 
acid  after  combination  with  ammonia.  Carbohydrate  in  birds  may  be  regarded  as  one 
of  the  producers  of  uric  acid  [von  Noorden  and  Embden  (1  18b)].  Extirpation  of  the  pan- 
creas, moreover,  leads  to  increased  impermeability  of  the  kidneys  to  sugar,  so  that  the  non- 
occurrence of  glvcosuria  in  birds  is  easily  accoimted  for  by  the  peculiar  metabolic  changes 
in  the  laotio  acid  in  them. 
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is  no  diabetes  if  the  liver  is  extirpated  at  the  same  time  as  the  pancreas 
[Markuse  (120)]. 

2.  After  complete  ablation  of  the  pancreas,  most  carbohjrdrates,  cer- 
tainly glucose,  starch,  and  ccuae-sugar,  are  almost  entirely  recovered  in 
the  urine  as  grape-sugar.  A  considerable  proportion  of  Isevulose  becomes 
katabolized.  During  starvation,  and  on  meat  feeding,  2-8  to  3  parts  of 
sugar  appear  in  the  urine  for  eveiy  1  part  of  nitrogen.  In  such  cases 
one  speaks  of  **  complete  "  pancreatic  diabetes. 

3.  If  a  miniTnnni  of  one-fif th  of  the  pancreas  is  left  in  the  dog,  diabetes 
does  not  supervene.  If  the  remnant  is  less,  an  "  incomplete  '*  diabetes 
may  ensue,  comparable  to  the  milder  cases  in  man.  Sandmeyer  (121) 
has  shown  that  this  slighter  form  may  progress  and  become  '*  complete  " 
from  gradual  d^eneration  of  the  residual  piece  of  pancreas. 

4.  When  the  animal  is  in  very  low  condition  and  marantic,  either 
from  starvation  or  from  intercurrent  disease,  the  glycosuria  gradually 
diminishes,  even  though  the  pancreas  be  totally  ablated  pkfinkowski, 
Thiroloiz,  H6don,  Liithje  (122)],  and  though  sugar  is  still  met  with  in 
the  blood.  Luthje  found  as  much  as  0-312  per  cent,  of  sugar  in  the 
blood  in  such  a  case. 

5.  The  fact  that  the  secretion  of  the  pancreas  no  longer  enters  the 
intestine  has  nothing  to  do  with  the  origin  of  the  diabetes.  This  is 
proved  both  cUnicaUy,  in  cases  where  the  pancreatic  ducts  are  occluded, 
and  by  experimental  transplantation  of  the  duct  [Minkowski,  H6don, 
Thiroloix  (123)]. 

The  discoverers  of  pancreatic  diabetes  came  to  the  conclusion  that  "^ 
the  normal  pancreas  secretes  "something"  internally,  which  is  indis- 
pensable for  the  proper  metabolism  of  sugar.    TEw  hypothesis  has 
found  support  on  all  sides,  and  has  never  been  seriously  contested. 
We  are  not  able  at  the  present  time  to  advance  the  theory  of  pancreatic     \ 
diabetes  without  it.  ^ 

There  have  been  hosts  of  experiments  made,  and  many  interesting 
details  have  come  to  light,  in  regard  to  the  rioter  consequences  of 
^lation  of  the  pancreas.  .For  instance,  Lorand  (124)  discovered  that 
^e  thyroid  gland  IBegins  to  secrete  colloid  in  greateTabundance.  This 
se^Ss  to  depend'upbn  some  metabolic  relation  between  the  two  glands, 
but  we  ccm  as  yet  torm  n^  clear  mental  picture  of  the  process.  ^TTHe  fact 
is  the  more  remarkable  in  that  under  conditions  of  hyperactivily  of  the 
thyroid  gland — ^for  instance,  in  Graves*  disease^^l^affltary  gTycpsuna  js 
either  gg^taneous  or~may  lie"  vary  readjjy  produced  (125).  Chvostek 
described  this,  butT^auTBound  to  say  that  I  agree  with  my  pupil,  Ziilzer, 
and  with  Strauss  and  Naunyn,  that  it  is  not  of  very  common  occurrence. 
It  appears  to  be  associated  with  particular  phases  of  the  disease.  On  the 
otiier  hand,  glycosuria  often  follows  administration  of  thyroid  extract 
[EwaU,  von  Noorden,  md  others  (128)1,  more  conimonly_go]jn  spare 
thim  in  stout  individuals^ 

The  theory  of  the  pathogenesis  of  pancreatic  diabetes  seemed  to  enter 
upon  a  new  and  brilliant  phase  when  L6pine  (129),  after  numerous  and 
most  laborious  investigations,  concluded  that  both  after  ablation  of  the 
pancreas  and  in  spontaneous  diabetes  in  man  there  was  a  diminution 
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in  the  **  glyeclyiic  fermerU  "  in  the  blood.  A  very  active  discussion  of 
L^ine's  results  followed,  the  verdict  being  that  his  methods  were  not 
reliable  (130).  There  seems  to  be  no  doubt  that  the  blood  contains  a 
sugar-destro3nng  ferment.  Some  maintain  that  this  is  identical  with 
the  widely  distributed  oxidizing  ferment  [Schmiedeberg,  Jaquet,  Spitzer, 
Salkowski],  whilst  others  deny  this  [Jaoobi,  P.  Blumenthal  (132)].  No 
significant  difference,  however,  has  been  proved  to  exist  between  the 
blood  of  diabetic  and  of  non-diabetic  animals  and  men.  Even  in  the 
most  recent  work  upon  glycolysis  [Stocklasa,  Simacek,  Sieber,  Pein- 
schmidt,  Braunstein  (133)]  there  are  such  objections  to  the  methods 
meployed  that  the  entire  foundation  of  Lupine's  researches  seems  to 
have  collapsed.  There  is  no  recognised  test  by  which  to  be  sure  of  the 
presence  of  a  glycolytic  ferment.  I  gave  this  as  my  opinion  in  my  text- 
book upon  *'  The  Pathology  of  Metabolism."  There  are  many  a  priori 
arguments  against  Lupine's  theory.  He  devoted  his  attention  to  glyco- 
lysis in  the  blood,  whilst  all  the  evidence  goes  to  show  that  the  disorders 
of  sugar  kataboUsm  are  to  be  sought  for  in  the  tissues.  L6pine  now 
acknowledges  this  himself. 

Moreover,  a  calculation  made  by  Kraus  (130)  shows  that  the  glycolytic 
power  of  the  blood  is  unable  to  cope  with  more  than  a  small  quantity 
of  sugar.  Any  diminution  in  this  power  must  have  but  an  insignificant 
effect,  and  could  have  no  marked  infiuence  upon  sugar  metabolism. 

Again,  Cohnheim  (134)  advances  another  view.  He  says  that  neither 
pancreatic  emulsion  nor  the  juice  expressed  from  muscles  can  separately 
exert  much  glycolytic  action,  but  that  when  both  juices  act  together 
upon  glucose  the  latter  is  broken  up  with  great  energy.  This  would 
seem  to  show  that  the  von  Mering-Minkowski  theory  is  right — ^namely, 
that  the  pancreas  gives  back  '*  something  "  to  the  blood,  and  that  this 
"something,"  when  carried  to  the  tissues,  renders  the  katabolism  of 
sugar  possible.  Bahel  Hirsch  reported  similar  researches  simultaneously 
with,  and  quite  independantly  of,  Cohnheim  (135).  The  latter,  in  his 
second  publication  on  the  subject,  states  that  this  '*  aciivcUor  "  derived 
from  the  pancreas  is  not  destroyed  by  moderate  heat.  Although  Amheim 
and  Bosenbaum,  and  Sehrt  (136)  published  confirmatory  results  soon 
afterwards,  Embden  and  B.  Glaus  (137)  have  completely  overthrown  the 
whole  of  Cohnheim's  teaching  by  some  extremely  careful  work  they  did 
in  my  laboratory. 

We  are  therefore  in  absolute  ignorance  at  present  as  to  how  the 
normal  pancreas  assists  sugar  katabolism  in  the  tissues,  and  how  extirpa- 
tion of  the  pancreas  interferes  with  the  metabolism  of  sugar.  We  can 
only  theorize. 

This  unsatisfactory  state  of  our  knowledge  of  the  real  nature  of 

pancreatic  diabetes  is  all  the  more  to  be  deplored  in  that  changes  in 

the  pancreas  certainly  play  some  considerable  part  in  human  diabetes. 

j^home  authors  even  go  so  far  as  to  believe  that  in  every  case  of  real 

I    diabetes — excluding,  that  is  to  say,  cases  of  mere  transitory  hepato- 

(     genous  glycosuria — tiie  influence  of  an  affected  pancreas  is  at  work. 

1^ — "Minkowski  upheld  this  view;  Naunyn^iSid  Soppe-Seyler  (l38)  mclined 

1     towards  it ;  I  myseU  become  more  and  more  convinced  that  it  must 
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be  so.  BeBearches  in  pathological  anatomy  during  the  last  fifteen  years 
have  convincingly  shown  that  the  pancreas  shows  changes  of  different 
sorts  and  of  varying  degrees  in  a  very  large  proportion  of  cases  of  diabetes. 
I  refer  the  reader  to  the  summaries  of  Dieckhoff ,  Williamson,  von  Hanse- 
mann,  and  Sauerbeck  (139).  Much  more  remarkable  than  the  finding 
of  disease  of  the  pancreas  in  many  cases  is  the  fact  that  in  some  patients 
whose  diabetes  has  been  very  severe,  with  all  the  characters  of  pancreatic 
diabetes,  the  pancreas  has  shown  either  very  slight  macroscopic  and 
microscopic  anatomical  changes,  or  even  none  whatever.  I  should  like 
to  add  to  the  observations  mentioned  above  (139)  that  I  have  seen  several 
such  cases,  in  which  so  illustrious  a  pathologist  as  Weigert  reported  the 
pancreas  to  be  in  every  respect  normal,  notwithstanding  the  most  minute 
search  for  evidence  of  disease.  The  disorder  of  function  is  most  com- 
monly observed  when  the  gland  is  atrophied,  when  there  is  sclerosis  of 
its  connective  tissue,  and  when  there  are  diffuse  endarteritic  changes — 
in  other  words,  when  the  anatomical  changes  are  such  as  interfere  most 
thoroughly  with  the  nutrition  of  the  glands.  Since,  on  the  other  hand, 
there  are  cases  in  which,  notwithstanding  severe  changes  in  the  pancreas 
— ^f  or  example,  carcinoma — there  has  been  no  diabetes,  we  are  compelled 
to  assume : 

1.  That  the  influence  of  the  pancreas  upon  carbohydrate  metabolism 
is  a  specific  function  of  the  gland,  interference  with  which  our  present 
pathological  methods  are  not  always  able  to  demonstrate. 

2.  That  the  influence  of  the  pancreas  upon  carbohydrate  metabolism 
may  remain  normal  when  only  a  small  portion  of  the  gland  remains  intact, 
provided  that  this  residual  gland  tissue  has  preserved  the  specific  function 
we  are  here  speaking  of. 

There  need  be  no  change  in  the  above  generalizations,  even  should 
pathologists  succeed  in  establishing  as  a  fact  that  which  Opie  and  Ssobo- 
lew  (139a)  propounded  independently  as  a  theory — ^namely,  that  the 
influence  of  the  gland  upon  carbohydrate  metabolism  is  dependent  not 
upon  the  entire  organ,  but  only  on  the  so-called  islands  of  Langerhans. 
These,  according  to  a  recent  view,  are  blood  vascular  glands,  encapsuled 
in  the  pancreatic  tissue,  and  concerned  in  internal  secretion.^  The  ques- 
tion is  8ub  judice.  Sauerbeck  supports  it  strongly,  but  several  writers 
[Karakascheff,  Herzheimer,  Beitmann,  Outmann  (140)]  subject  it  to 
criticism.  The  matter  is  of  so  anatomical  and  embryological  a  nature 
that  it  is  impossible  to  go  more  fully  into  it  here. 

Minkowski  has  discussed  at  length  the  idea  that  perhaps  some  other 
organ  besides  the  pancreas  may  have  a  metastatic  action  upon  carbo- 
hydrate metabolicon.  His  own  careful  experimental  work,  and  his 
criticism  of  the  results,  led  him  to  negative  this  idea ;  but  at  the  present 
day  it  is  not  possible  to  answer  the  question  definitely. 

The  action  of  secretin  upon  the  activity  of  the  external  and  internal 
pancreatic  secretion  in  diabetes  has  been  investigated  by  Moore,  Edie 
and  Abram  (140a).  Spriggs,  at  an  earlier  date,  had  made  injections  of 
secretin  solutions  in  a  case  of  diabetes,  but  with  negative  results.    In  three 

^  Bonnie  and  Fraser  {B.  J.,  1007)  administered  '*  islets  "  from  Laphius  piseatoriua, 
and  obtained  slight,  but  limited  reduction  of  the  glycosuria  m  diabetics. 
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young  diabetics  Moore,  Edie  and  Abram  obtained  remarkable  decreases  in 
the  sugar  excretion  after  the  administration  of  secretin.  They  suggest 
that  if  a  causal  connection  exists  in  these  cases,  it  is  probable  that  the 
glycosuria  results  from  a  failure  of  the  chemical  excitant — secretin — ^in 
the  duodenum,  and  that  this  in  the  end  might  lead  to  permanent  aboli- 
tion of  the  internal  secretion  of  the  pancreas.  Bainbrid^e,  Beddard,  and 
Charles  report  negative  results.    (B.J.,  1906,  and  B  M.C.J.,  1906). 


P.— SUPRARENAL  DIABETES. 

rP.  Blum  (141)  observed  that  an  intravascular  injection  of  supra- 
renal extaract  evoked  glycosuria  to  a  very  slight  extent.  This  glycosuria 
was  temporary,  but  it  sometimes  lasted  for  a  day  or  two.  Herter  and 
Richards,  Herter  and  Wakeman,  Vosbourgh  and  Aronsohn  (142)  showed 
that  the  substance  which  evoked  glycosuria  was  identical  with  adrenalin, 
which  had  in  the  meanwhile  been  obtained  from  the  suprarenal  bodies. 
The  sugar  in  the  blood  is  increased  in  those  cases  of  glycosuria  which 
have  resulted  from  the  therapeutic  use  of  adrenalin  injections  in  man  (143). 
I  have  seen  such  a  case.^  In  diabetic  patients  adrenalin  increases  the 
glycosuria  [Noel  Paton]. 

r —    Herter  and  Vosburgh  and  Richards  group  adrenalin  glycosuria  with 
those  hepatogenous  forms  which  are  due  to  direct  chemical  stimulation 

I     of  the  liver  ceUs.    They  found  that  the  blood  as  it  left  the  liver  was 

<^  richer  in  sugar  than  normal. 

Piperidin-poisoning  in  animals  produces  a  sugar  excretion  which  in 
many  points  is  similar  to  that  due  to  adrenaUn.  Underbill  (142a)  holds 
that  it  is  due  to  paresis  of  the  respiratory  centre  and  deficient  oxygen 
supply  to  the  tissues,  corresponding  to  the  glycosuria  caused  by  dyspnoea 
which  Araki  described. 

There  is  a  certain  degree  of  antagonism  between  the  pancreas  and 
the  suprarenal  bodies.  In  the  case  of  the  pancreas  it  is  the  suppression 
of  a  function  which  disturbs  sugar  metabolism ;  with  the  suprarenals  it 
IB  increased  output  of  some  substance  (?  iacreased  function)  which  evokes 
glycosuria.  The  latter  was  well  shown  by  an  experiment  of  Herter's. 
In  animals  it  was  found  unnecessary  to  greatly  injure  the  suprarenal 
bodies;  mere  pressure  of  them  between  the  fingers  was  sufficient  to 
cause  glycosuria  at  once.  Another  observation  of  this  same  worker 
also  seems  to  demonstrate  the  antagonism  between  the  two  glands. 

^  Adienalin  injeotions  were  made  in  the  ease  of  a  male  patient  M.,  on  accomit  o^ 
ohronio  OBdema  of  Uie  left  leg  resulting  from  the  proloiurea  use  of  a  plaster  splint. 
Injections  of  0*5  to  2'0  milligrammes  were  commenced  on  S^ovember  12,  1903,  and  con- 
tinued daily  until  January  6, 1904.  On  November  16  there  were  already  traces  of  sugar  ; 
up  to  December  15  sugar  only  appeared  occasionally,  and  remained  small  in  amount ; 
it  was  too  little  to  estimate.  From  this  date  the  glycosuria  persisted  from  day  to  day, 
and  rose  (when  1*6  to  2*0  milligrammes  of  adroialin  were  dven)  gradually  up  to  1  *0  and  2'0 
per  cent.  The  sugar  reaction  bemn  about  one  and  a  naif  hours  after  tne  injection  of 
adrenalin,  and  disappeared  again  i^ut  two  to  four  hours  later.  Simultaneously  with  the 
injections  the  patient  was  then  giyen  100  grammes  of  cane-sugar  dissolved  in  300  c.c.  of 
water ;  the  sugar  rose  to  4*1  per  cent.,  but  entirely  disappeared  within  two  to  four  hours. 
After  the  adrenalin  treatment  was  discontinued,  it  was  impossible  to  produce  glycosuria 
in  this  patient,  even  when  he  was  given  marimal  quantities  of  bread  and  sugar. 
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When  an  animal  has  its  suprarenal  bodies  removed  as  well  as  its  pancreas, 
the  glycosuria  is  not  so  marked  as  it  is  when  the  pancreas  alone  is  ablated. 
The  experiment,  of  course,  is  by  no  means  sufficient  by  itself  to  prove 
that  the  two  viscera  act  in  constant  physiological  opposition. 

In  the  case  of  adrenalin  we  obviously  have  to  do  with  a  toxic  glyco- 
suria. Herter  believes  the  toxic  effect  may  be  upon  the  pancreas.  We 
do  not  know  at  all  what  influence,  if  any,  the  suprarenal  bodies  have  in 
human  diabetes.  Blum  and  others  presume  that  the  suprarenal  bodies 
are  affected  in  so-called  "  bronzed  "  diabetes,  but  in  making  this  hypo- 
thesis they  depart  entirely  from  actual  fact.  Between  the  bronzing  of 
Addison's  disease  due  to  disorder  of  the  adrenal  capsules  and  the  clinical 
phenomena  of  bronzed  diabetes  the  only  connection  is  one  of  name. 
The  suprarenal  bodies  are  not  necessarily  diseased  in  bronzed  diabetes, 
which  is  a  particular  complication  of  diabetes  with  hsBmatolysis,  cirrhosis 
of  the  liver,  enlargement  of  the  spleen,  and  accumulation  of  a  hemato- 
genous pigment  containing  iron. 

It  is  worthy  of  note  that  Blum  maintains  that  in  some  of  his  ex- 
periments he  has  "  clearly  demonstrated  the  conversion  of  fat  into 
carbohydrate."  I  myself,  though  perhaps  I  hold  more  strongly  than 
anybody  else  the  view  that  fat  can  produce  sugar,  am  unable  to  find 
any  proof  of  this  kind  in  Blum's  work.  His  conclusions  go  to  pieces 
under  E.  Pfliiger's  stem  criticism. 

Aronsohn  contends  that  adrenalin  glycosuria  depends  upon  the  pyrexia 
produced.  This  is  disputed  by  Ellinger  and  Seelig.  The  glycosuria 
which  results  from  adrenalin  injection  during  fever  only  varies  with  the 
amount  of  pyrexia  when  the  kidney  functions  are  damaged  at  the  same 
time — ^for  instance,  in  the  death  agony  of  the  animals  experimented 
upon.  Kidney  affections  alone,  without  fever  and  infection,  bring  about 
the  same  result  (142b). 


O.— ACROMEGALY  DIABETES. 

The  clinical  picture  of  acromegaly  has  become  more  and  more  clear 
of  late  years,  and  it  is  remarkable  how  often  it  is  associated  with  diabetes 
mellitus  as  a  complication.  An  interdependence  between  the  two  con- 
ditions cannot  be  doubted.  Loeb  (144)  Vas  the  first  to  show  that  tumours 
of  the  pituitary  body  are  often  associated  with  meUturia  (c/.  145  also). 

IVom  my  own  experience  I  may  mention  that  of^  the  five  cases  ol 
acromegaly  that  I  have  seen  ol  rece^years,  four  had^diabgtes.  The 
latter  began  long  after  the  acromegalio  changes.  In  two  cases  the 
diabetes  was  in  no  way  distinguishable  from  the  ordinary  form.  In 
the  other  two  patients  the  glycosuria  varied  from  time  to  time  quite 
independently  of  the  diet ;  other  and  unknown  factors,  perhaps  neuro- 
genous, seemed  to  be  at  work  here. 

Writers  upon  acromegaly  diabetes  take  the  most  various  views. 
Some  maintain  that  two  entirely  separate  diseases  are  present  together. 
This  may  be  true  in  certain  instances,  but  the  frequency  of  the  association 
argues  strongly  against  so  superficial  a  diagnosis.    Others  lay  stress  upon 
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the  pressure  exerted  by  the  pituitary  tumour  on  the  brain,  and  think  that 
the  fourth  ventricle  and  its  surroundings  are  thus  affected,  causing  a  chronic 
neurogenous  glycosuria.  Others,  again,  particularly  Lorand,  believe 
there  is  direct  inter-relationship,  by  internal  secretion,  between  the  blood 
vascular  glands  of  the  hypophysis  cerebri  and  the  pancreas.  They  think 
that  disturbance  in  the  internal  secretion  of  the  pituitary  body  (?  hyx>er- 
or  hyposecretion)  diminishes  the  internal  secretion  of  the  pancreas. 

We  thus  have  before  us  a  series  of  hyxx>the6es  which  are  still  8ub 
judice.  We  do  not  know  the  facts  sufficiently  well  to  discuss  any  of  them 
more  fully  just  now. 


n.— ENERGY  EXCHANGE. 

Pettenkofer  and  C.  Voit  (146),  in  a  research  carried  on  for  a  week 
with  their  large  respiratory  apparatus,  determined  the  oxygen  absorption 
and  carbon  dioxide  excretion  of  a  patient  suffering  from  severe  diabetes. 
For  each  kilogramme  of  body-weight  34  calories  were  used  up.  The 
oxygen  absorption,  the  carbon  dioxide  excretion,  and  the  heat-production 
were,  weight  for  weight,  the  same  as  in  health.  The  authors  did  not 
make  their  results  clear  in  their  first  publication,  and  the  idea  got  abroad 
that  there  was  an  enormous  reduction  in  the  oxidation  processes  of 
diabetic  patients.  Livierato  (147)  said  his  own  experiments  showed  this, 
but  his  methods  were  open  to  criticism.  More  recently  a  research  exactly 
similar  to  that  of  Voit  and  Pettenkofer  was  carried  out  by  Lehmann  and 
Ebstein  (148)  upon  a  diabetic  patient.^  There  was  a  daily  output  of 
11-02  grammes  CO,  per  kilogramme  body- weight;  Voit's  figure  was 
11*5  grammes,  so  that  the  agreement  is  remarkably  close.  We  cannot 
here  go  into  the  oxygen  estimations  made  by  Robin  and  Binet  (149), 
against  which  a  whole  series  of  objections  arise.^ 

Observations  of  much  greater  importance  have  been  made  upon  the 
amount  of  oxidation  in  diabetic  patients  by  means  of  the  Zuntz-Geppert 
respiration  apparatus.  The  technique  and  reliability  of  these  estimations 
have  been  discussed  in  the  physiological  portion  of  this  work.  The 
experiments  of  Weintraud  and  Laves  (151)  have  often  been  quoted,  but 
they  must  now  be  put  upon  one  side  because  they  were  made  upon 
patients  who  were  neither  fasting  nor  at  complete  rest.  The  determina- 
tions of  the  respiratory  exchange  which  were  made  by  Leo,  Stiive, 
Nehring  and  SchmoU,  and  Magnus-Levy  (152)  are  free  from  all  objections, 
and  gave  the  following  figures  for  the  oxygen  used  up  in  the  fasting 
state  (see  table,  p.  567). 

Except  in  Leo's  third  and  Magnus-Levy's  fourth  cases  the  oxygen 
used  in  all  the  patients  was  normal,  or  at  least  not  diminished.    The 

^  CarioQslv  enough,  Ebstein,  captivated  by  his  theory,  givee  a  different  interpretation 
to  this  research.  In  varioas  places  in  his  writiiUB  ( 160)  he  maint>ainfl  that  his  work  proves 
diminished  oxidation  and  OOg  production.  The  duly  production  of  OOi  was  687*8 
grammes.  This  is  only  small  wnen  compared  to  the  OOg  production  of  a  man  in  full 
activity.  Ebstein  has  overlooked  the  fact  that  in  proportion  to  his  patient's  body-weight 
(62*6  lolosrammes)  this  figure  is  perfectly  normaL 

'  See  Magnus-Levy  (152)  for  a  full  criticism. 
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(^yoofioria  was  slight  in  some  cases,  severe  in  others.  The  two  exceptional 
patients  were  obese,  and  this  fully  accounts  for  the  low  0,  figures  per 
kilogramme  body-weight  (see  Obesity). 
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Kaufmann's  (153)  observations  upon  the  0,  requirements  of  a  normal 
dog  and  of  one  suffering  from  pancreatic  diabetes  are  in  agreement  with 
the  above.  He  found  no  difference  between  the  two.  Weintraud  and 
Laves  (154)  had  previously  observed  the  same — ^the  oxygen  used  per 
kilogramme  body-weight  per  minute  was  13-35  c.c.  before  ablation  of 
the  pancreas,  13*41  c.c.  afterwards. 

In  opposition  to  the  facts  thus  learned  from  the  gaseous  exchange, 
many  physicians  maintain  that  the  actual  food  requirements  of  patients 
suffering  from  severe  diabetes  are  less  than  those  of  healthy  individuals. 
This  must  imply  a  need  for  less  calories  than  usual.  I  have  only  seen 
this  actually  demonstrated  in  one  case.  This  was  a  patient  of  Weintraud's 
(155).  In  an  observation  extending  over  sixty-seven  days  the  body- 
weight  increased  6*5  kilogrammes,  although  the  food  yielded  but 
25  calories  per  kilogramme.  Weintraud  himself  is  very  far  from  general- 
izing upon  this  one  experiment.  The  patient  was  very  ill ;  his  weight 
to  start  with  was  only  49  kilogrammes.  We  have  already  seen  that  in 
some  patients,  even  when  there  is  no  diabetes,  the  calories  actually 
required  are  occasionally  very  low  indeed.  The  above  seems  to  have 
been  one  of  these  exceptional  cases.  When  his  nutrition  had  improved 
he  began  to  require  the  normal  number  of  calories.^ 

When  Kolisch  and  Schlesinger  (156)  begin  to  apply  the  above  experi- 
ence to  cases  in  general,  it  is  necessary  to  criticise  their  results.  Kolisch 
gives  no  figures.  Schlesinger's  calculations  are  open  to  objection 
throughout.  The  same  individual  may  exhibit  su^h  tremendous  differ- 
ences in  calorie  production — ^for  example,  10*2  calories  per  kilogramme 
one  day  and  49  the  next — that  wide  generalizations  cannot  be  made. 
It  is  held  by  von  Noorden,  Lusk,  Voit,  Naunyn,  Hirschfeld,  Magnus- 
Levy,  and  others  that  the  calorie  requirements  of  a  diabetic  patient 
are  at  least  equal  to  those  of  a  healthy  man,  and  may  even  be  greater 

^  See  Magnua-Levy  (152)  for  a  full  aooonnt  of  (he  oaae. 
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if  the  sugar  lost  in  the  urine  is  taken  into  account  (see  below).  I  have 
already  opposed  Kolisch  in  this  discussion  (158),  and  I  must  here  repeat 
that  permanent  increase  in  the  weight  of  diabetic  patients  can  only 
take  place  when  at  least  as  many  serviceable  calories  are  supplied  to  them 
as  healthy  people  require  under  similar  external  conditions.  I  have, 
without  the  least  exaggeration,  had  experience  of  this  more  than  one 
thousand  times. 

We  must  repeat  that,  even  though  there  are  a  few  isolated  exceptions, 
both  respiration  analyses  and  general  clinical  experience  teach  that  the 
energy  used  up  by  a  diabetic  patient  is  not  less  than  that  used  up  by  a 
sound  man.  This  being  granted,  the  food  requirements  can  easily  be 
calculated.    Perhaps  an  example  may  be  useful : 

Ernst  F.,  aged  forty-six ;  weight  65  kilogrammeB ;  well  noarished.  His  occupa- 
tion was  li^^t.  His  food  requirements  would  at  least  be  65  x  35=2,275  oalonea. 
For  six  dajB  conseontiyely  he  leceiTed  per  diem : 

Protein  102  grammeB=    418  caloriee 

Pat 206       „        =1.916      ., 

Oarbohydrate . .  80       „        =    328      „ 

2.662      .. 

He  excreted  upon  the  average  per  diem  : 

QlncoBo  170  grammes^  636  oalories 

Oxybatyrio  acid  and  aoetooe  26      ,.        =  118      ,. 

754      M 

He  was  thus  losing  in  his  urine  754  calories,  which  would  have  been  utiliEed  by  a 
non-diabetic  subject.  The  above  diet  therefore  supplied  him  with  only  1,008  calories 
that  he  could  use — ^probably  even  less,  because  the  acetone  expired  from  the  lungs 
was  not  measured,  and  therefore  was  not  taken  into  account,  nis  daily  requirement 
was  calculated  to  be  2,275  calories ;  there  was,  therefore,  a  daily  deficit  of  2,275  - 
1908=367  calories. 

The  man's  body  had  to  supply  367  calories  from  its  own  tissues.  If  this  be 
reckoned  as  fat,  he  must  lose  40  grammes  of  fat  daily.  If  the  same  diet  were  con- 
tinued under  the  same  conditions,  the  patient  must  necessarily  waste  away  until  his 
nutrition  fell  to  that  point  at  which  the  diet  in  question  would  be  sufficient  to 
maintain  it. 

We  thus  see  that  a  diabetic  patient,  if  he  is  not  to  lose  weight,  must 
either  take  a  mixed  diet  whose  energy  exceeds  that  required  for  a  healthy 
man  by  the  amount  that  drains  away  as  sugar  and  acetone  bodies,  or 
else  he  must  so  arrange  the  food  which  is  to  supply  his  energy  that  the 
loss  of  sugar  may  be  reduced  to  a  minimum.  In  consequence  the  diet 
must  consist  mainly  of  protein  and  fats. 

We  now  understand  that  remarkable  desire  for  food,  the  polyphagia, 
of  diabetic  patients.  They  eat  voluminously,  including  much  carbo- 
hydrate, unless  their  diet  is  regulated  by  the  physician.  The  hunger  of 
the  stomach  becomes  satisfied  for  the  moment,  but  soon  returns  because 
the  hunger  of  the  tissues  is  not  alleviated.  This  tremendous  appetite 
of  the  diabetic  disappears  at  once  when  the  useless  sugar  is  limited  and 
replaced  by  proper  quantities  of  protein  and  fat.  With  the  cessation 
of  the  polyphagia  the  emaciation  stops  too. 

For  the  peculiarities  of  the  respiratory  quotient  in  diabetes,  see  Vol.  I. 
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in.— PROTEIN  METABOLISM. 

It  has  long  been  known  that  protein  metabolism  may  reach  unusual 
heights  in  diabetes.  It  is  not  at  all  uncommon  to  find  30  to  40  grammes 
of  nitrogen  in  the  urine.  This  was  even  more  the  case  formerly  when 
diabetic  patients  were  given  large  quantites  of  protein  than  is  now 
the  general  custom,  thanks  to  the  warnings  of  Kolisch,  Lenn6,  Naimyn, 
von  Noorden,  and  others  (159).  In  different  individuals  the  large 
quantities  of  nitrogen  excreted  may  have  very  different  origins. 

1.  The  nitrogen  elimination  may  be  high  because  the  diabetic  eats 
much  more  proteid  than  does  a  healthy  man.  If,  for  example,  his  diet 
contains  200  grammes  of  protein  and  more,  as  it  does  on  the 
Catani  system,  some  32  grammes  nitrogen  will  be  accoimted  for  in 
the  urine. 

2.  The  diabetic  patient  excretes  more  nitrogen  than  does  a 
healthy  man  upon  the  same  diet.  There  may  be  two  causes  for 
this  : 

(a)  Loss  of  Nitrogen  from  Underfeeding. — ^The  kataboUsm  of  protein 
is  greater  than  in  health,  because  a  normal  man  saves  his  protein  by 
burning  up  carbohydrate ;  the  diabetic  excretes  a  great  part  of  the 
circulating  carbohydrate  without  utilizing  the  potential  energy  in  it. 
Von  Voit  has  pointed  this  out  very  clearly  (160).  The  conditions  under 
which  the  diabetic  lives  may  be  imitated  to  some  extent  in  health  by 
decreasing  the  carbohydrate  in  a  sound  man's  diet  by  the  amount  that 
the  diabetic  passes  in  his  urine.  Lusk  (161)  succeeded  in  showing  that 
under  these  circumstances  the  protein  katabolism  of  a  healthy  man  is 
no  less  than  that  of  a  diabetic.  The  same  was  shown  by  some  experi- 
ments carried  out  by  Miura  and  Kayser  (162)  under  von  Noorden's 
direction,  and  also  by  some  work  of  Hirschf eld's  (163).  This  increase 
in  protein  katabolism,  depending  as  it  does  upon  deficiency  of  carbo- 
hydrate and  consequent  underfeeding,  can  scarcely  be  termed  patho- 
logical. It  is  true  that  it  is  a  phenomenon  closely  dependent  upon  the 
fundamental  cause  of  the  diabetes,  but  still  it  is  only  a  result  of  the 
physiological  relations  that  always  subsist  between  carbohydrate  and 
protein  katabolism. 

It  now  seems  probable,  as  I  hinted  in  my  text-book  (p.  389),  that 
in  every  case  of  diabetes  in  which  more  nitrogen  is  found  in  the  urine 
than  in  the  food,  and  in  which  the  nitrogen  output  is  lai^er  than  that 
of  healthy  controls,  the  whole  fault  is  one  of  underfeeding.  The  following 
experiment  may  serve  as  an  example  :  The  patient  took  food  equivalent 
to  2,662  calories  of  energy ;  on  this  amount  a  healthy  man  would  have 
undoubtedly  maintained  himself  in  nitrogenous  equilibrium,  or,  indeed, 
might  have  actually  stored  up  nitrogen.  For  the  diabetic,  however, 
there  was  a  daily  deficiency  of  367  calories,  and  there  was  complete 
absence  of  that  sparing  of  protein  which  carbohydrate,  as  a  rule,  exerts. 
The  man  could  only  utilize  some  29  calories  per  kilogramme.  The 
nitrogen  balance  was  as  follows  : 
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Intake  in  six  days    . .  97*8  grammeB  of  nitrogen. 

Ootpnt  in  urine  in  six  days  ..     102*8        »•  »» 

Ootpnt  in  fsBoee  in  Bix  days  ..        6*8        »»  m 

-  11*8  grammes  nitrogen  deficit. 

or  about  2  grammes  of  nitrogen  per  diem.  The  case  was  one  of  consider- 
able underfeeding.  The  loss  of  nitrogen  was  not  to  be  wondered  at 
(see  also  reference  164). 

These  experiences  are  confirmed  the  opposite  way  round.  It  is  not 
difficult,  as  metabolism  researches  have  shown,  to  maintain  or  raise  the 
nitrogen  level  of  a  diabetic  so  long  as  the  patient  receives  a  diet  containing 
enough,  or  more  than  enough,  calories  for  his  daily  needs  [von  Mering, 
von  Noorden,  Weintraud,  Liithje,  and  others  (165)].  It  is  possible  for 
diabetics  to  store  up  nitrogen  when  they  are  placed  under  suitable 
dietetic  conditions,  with  limitation,  of  the  carbohydrate,  even  when  their 
supply  of  energy  in  calories  is  less  than  the  average  in  health  [AjeUo  and 
Cacace  (164)].  I  have  shown  that  a  diabetic  may  maintain  Us  nitro- 
genous equilibrium  over  a  long  period  upon  amounts  of  protein  that 
are  far  lower  than  the  normal  average,  provided  the  total  calorie  supply  is 
adequate.  For  example,  a  diabetic  patient  weighing  70  kilogrammes, 
and  suffering  from  a  mild  form  of  the  disease,  remained  in  nitrogenous 
equilibrium  for  three  weeks  upon  60  grammes  of  protein  per  diem,  with 
250  grammes  of  fat,  and  the  amount  of  carbohydrate  that  small  quantities 
of  green  vegetables  contained.  The  food  was  all  weighed,  and  the  urine 
and  fffices  analyzed.  Liithje  (95)  has  shown  that  almost  colossal  quantities 
of  nitrogen  may  be  retained  by  diabetic  patients.  In  one  case  under 
his  care  395  grammes  of  nitrogen  were  stored  up  within  five  weeks.  I  can 
confirm  this.  For  example,  I  have  seen  a  diabetic,  who  had  sunk  very 
low,  retain  124  grammes  of  nitrogen  in  eighteen  days.  There  was  no 
nephritis.  The  man  took  110  to  115  grammes  of  protein  per  diem,  and 
the  calories  utilized,  after  deduction  of  those  lost  as  glucose  and  acetone 
bodies,  amounted  to  45  to  50  per  kilogramme. 

(ft)  Lo88  of  Nitrogen  from  Toxogencua  ProUin  Kaiabolism. — ^Perhaps 
there  are  other  forces  at  work  in  the  body  attacking  cell  protoplasm  in  a 
specific  way.  We  spoke  of  the  loss  of  nitrogen  which  directly  resulted 
from  the  glycosuria,  as  physiological.  The  processes  of  protein  de- 
struction now  under  discussion  would  be  pathological.  They  would  be 
comparable  to  the  toxic  protein  katabolism  that  occurs  in  fever,  in  phos- 
phorous-poisoning, in  leuchsamia,  etc.  It  is  only  necessary  to  prove  that 
a  diabetic  patient  loses  nitrogen  in  spite  of  his  food,  after  deduction  of 
all  loss,  being  sufficient  in  amount  to  maintain  nitrogen  metabolism  in 
health.  Von  Mering  (165)  has  observed  such  a  condition  of  affairs  several 
times  in  advanced  cases,  particularly  in  that  stage  at  which  copious 
excretion  of  oxybutyric  acid  in  the  urine  occurs,  or  at  which  diabetic 
coma  is  imminent.  This  coma  affords  a  clear  picture  of  a  severe  intoxica- 
tion. It  is  easy  to  understand  that  poisons  which  ultimately  lead  to 
fatal  paralysis  of  the  central  nervous  system  may,  at  an  earlier  stage, 
cause  much  disorder  of  the  body  cells. 

Later  investigations  have  not  succeeded  in  proving  that  any  toxic 
protein  katabolism  occurs  in  coma  [Magnus-Levy,  Liithje  (166)].    One 


METABOLISM  IN  DIABETES  MELLTTUS  571 

case  which  Munzer  and  Strasser  (167)  described  as  such  is  inconclusive, 
because  there  was  a  puhnonaiy  abscess  with  pyrexia  at  the  same  time, 
and  this  alone  may  have  accounted  for  the  toxic  destruction  of  protein. 
I  think  no  great  stress  should  be  laid  upon  negative  cases.  It  may  be 
that  immediately  before  death  retention  of  nitrogen  occurs  and  obscures 
any  increase  in  protein  katabolism. 

On  the  other  hand,  there  are  many  observations  in  which,  without 
coma,  the  nitrogen  balance  was  such  that  there  was  at  least  a  possibility 
of  toxic  protein  katabolism  [Wegeli,  Hesse  (168)].  My  own  opinion  is 
that  most  of  the  metabolism  researches  in  diabetes  that  have  been 
published  afford  no  data  for  deciding  the  question.  Amongst  other 
things,  they  do  not  fully  comply  with  the  stringent  conditions  that  such 
experiments,  to  be  decisive,  require.  In  cases  where  the  arrangements 
were  free  from  objection  no  toxic  destruction  of  protein  could  be  actually 
demonstrated  (see  above),  and  yet  it  undoubtedly  seems  to  occur 
clinically.  We  often  see  diabetics,  who  for  years  and  even  decades 
have  maintained  their  powers  well,  ultimately  break  down  in  spite  of 
f uU  supplies  of  nourishment ;  sometimes  the  omentum  may  remain  loaded 
with  fat,  whilst  the  muscles  all  over  the  body  dwindle  away.  There 
seems  to  be  something  which  destroys  the  protoplasm  of  the  muscles  and 
energetically  opposes  its  being  built  up  afresh,  in  spite  of  an  abundant 
supply  of  protein  and  calories  in  the  food.  I  have  often  been  able  to 
show  that  in  such  cases  100  grammes  of  nitrogen  or  more,  corresponding  to 
3  kilogrammes  of  meat,  were  retained  in  the  body,  and  yet  the  muscles 
remained  just  as  flabby  as  before.  After  glancing  at  these  clinical  facts, 
which  should  point  the  way  for  future  investigations,  it  can  only  be  said 
that  in  diabetic  patients  no  pathological  loss  of  nitrogen  has  been  demon- 
strated ;  that  it  is  relatively  easy  in  them  to  bring  about  storage  of  nitrogen ; 
that  toxic  destruction  of  protoplasm  is  not  thereby  excluded ;  and  that 
in  diabetics,  even  more  so  than  in  healthy  people,  it  is  doubtful  whether 
retention  of  nitrogen  really  means  a  storing  up  of  protein  or  a  laying  on 
of  muscle.  Lately,  but  not  in  a  diabetic,  Dengler  and  Mayer  (168a) 
determined  the  gaseous  exchanges  in  a  patient  who  was  thus  being 
fattened  up,  and  obtained  important  biological  proof  that  the  nitrogenous 
substance  which  was  stored  in  such  abundance  had  nothing  to  do  with 
increasing  true  flesh  and  protoplasm  (see  Vol.  I.,  Overfeeding).  Liithje  (95) 
expresses  the  same  view ;  he  was  led  to  this  belief  by  the  rapidity  with 
which  the  retained  nitrogen  could  disappear  again. 

A  few  further  facts,  such  as  increased  excretion  of  purin  bodies, 
discussed  below,  seem  to  indicate  that  a  great  destruction  of  nuclei  can 
take  place  in  severe  cases  of  diabetes. 


IV.— THE  CARBOHYDRATES  OP  DIABETIC  URINE. 

The  sugar  which  comes  to  one's  mind  when  diabetes  mellitus  is  spoken 
of  is  dextrose.  It  has  only  been  recently  pointed  out  that  other  varieties 
of  sugar  may  be  present  in  human  urine — spontaneous   lactosuria. 
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laBYuloBuria,  pentosuria.  The  first  of  these  is  discussed  in  the  physio- 
logical portion  of  this  work ;  the  two  others  have  a  chapter  to  themselves, 
since,  unlike  lactosuria,  they  are  really  pathological  anomalies  of  meta- 
bolism, and  yet  are  quite  distinct  from  diabetes  mellitus.  This  is  true  of 
pentosuria,  at  any  rate ;  l»vulosuria  is  not  altogether  an  entity  by  itself. 
During  the  last  few  years  it  has  been  shown  that,  even  in  diabetes, 
dextrose  does  not  hold  the  wholly  exclusive  position  it  was  formerly 
believed  to.  Sometimes  spontaneously,  sometimes  as  the  result  of 
special  conditions  of  the  food  taken,  other  sorts  of  sugar  besides  dextrose 
may  appear  in  diabetic  urine. 


A.— DIFFERENT  CARBOHTDBATESL 
1.  LsBvuIose. 

We  are  not  here  discussing  cases  of  pure  l»vulosuria  such  as  were 
first  described  by  Seegen  and  Kiilz  (169).  Laevulosuria  as  an  accompani- 
ment of  diabetic  glycosuria,  and  independent  of  the  eating  of  fruit- 
sugar  (c/.  Vol.  I.),  had  veiy  seldom  been  recorded  (170),  imtil  Rosin  and 
Laband  (175)  showed,  by  careful  and  incontrovertible  observations, 
that  it  is  comparatively  common.  Sometimes  Isvulose  occurred  in  traces 
just  demonstrable  by  the  Seliwanoff  test;  sometimes  it  amounted  to 
0-3  to  1-2  per  cent.,  or  about  one-fifth  to  one-fourth  of  all  the  sugar 
in  the  urine.  This  was  confirmed  by  Idon,  Schwarz,  Umber,  and  Oraul 
(172).  My  own  observations  in  something  like  one  hundred  cases  of 
diabetes  lead  me  to  a  similar  conclusion,  except  that  I  would  say  that 
an  obvious  kevulose  reaction  is  extremely  rare  in  the  slighter  cases  of 
the  disease.  In  severe  cases  the  Seliwanoff  test,  if  done  with  care, 
usually  gives  a  marked  positive  reaction.  When  the  glycosuria 
diminishes  under  treatment,  the  laevulose  becomes  less  and  less,  dis- 
appearing altogether  as  the  glycosuria  approaches  zero.  I  think  figures 
as  high  as  some  of  those  of  Rosin,  Laband,  and  Umber  are  exceptional. 

When  Isevulose  occurs  in  the  urine,  one  would  exjiect  to  find  it  in  the 
blood  too.  Rosin  detected  it  here,  and  we  know  from  the  work  of 
Pickardt  in  my  own  ward,  and  from  that  of  Strauss  and  Neuberg^  (173), 
that  Iffivulose  is  not  an  ordinary  constituent  of  the  normal  juices. 
Probably  Schlesinger  is  right  in  saying  that  the  transformation  of  dex- 
trose into  Isevulose  may  sometimes  occur  in  health  to  a  slight  extent, 
for  this  may  happen  very  readily  in  vitro  in  the  presence  of  an  alkali 
[Lobry  de  Bruyn  and  von  Ekenstein  (174)].  If  this  be  so,  the  appearance 
of  laevulose  in  diabetic  urine  would  be  no  new  departure  in  the  patient's 
metabolism,  but  would  indicate  an  increase  in  his  glycosuric  tendency. 

The  condition  must  be  termed  sporUaneotu  kevulosuria,  because  it 
occurs  independently  of  the  giving  of  Isvulose.  In  my  cases,  at  least, 
the  food  contained  no  laevulose  at  all.  In  addition  to  this  form,  however, 
there  is  another  which  we  may  term  aUfnentary  Isvulosuria. 

^  The  work  done  by  Nenberg  and  Stravias  hna  recently  been  attacked  by  R.  Ofner. 
For  the  methoda  oi  detecting  Invalose  in  human  tiesne  fluidB,  see  Zt.  Phytiolog.  Chemie , 
zIt.,  359, 1905. 
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Kiilz  was  the  first  to  show  that  diabetic  patients,  as  a  rule,  deal  with 
kevulose  and  its  polysaccharide  inulin  better  than  they  do  with  starch, 
cane-sugar,  or  grape-sugar.  For  instcuice,  the  urine  may  remain  free 
from  sugar  when  50  grammes  of  kevulose  are  eaten,  although  a  Uke  amount 
of  starch  or  cane-sugar  given  to  the  same  patient  would  lead  to  6  or  10 
grammes  or  more  of  sugar  being  excreted.  This  discovery  of  Kiilz's 
has  in  the  main  been  confirmed  by  all  writers  (176).  The  distinction  is 
not  permanent,  however.  If  the  ladvulose  be  given  continuously,  in 
about  three  to  five  days  it  is  found  that  the  sugar  excreted  becomes  no 
less  than  it  is  when  other  carbohydrates  are  given  to  the  same  patient 
[Socin,  Naunyn,  Bohland,  Palma,  and  von  Noorden  (176)].  The  excreted 
sugar  is  mostly  dextrose.  Probably  this  is  derived  from  the  hepatic 
glycogen  formed  firom  the  Isvulose.  In  addition,  however,  there  is  often 
some  kevulose  as  well — alimentary  kevulosuria.  Its  amount  is  seldom 
more  than  one-tenth  to  one-eighth  that  of  the  dextrose.  My  own  obser- 
vations lead  me  to  think  that  when  IsBvulose  first  causes  glycosuria, 
dextrose  alone  appears ;  only  after  some  time,  or  after  giving  IsBvulose 
in  large  quantities  by  the  mouth,  is  the  amount  of  kevulose  in  the  urine 
sufficient  to  estimate.  This  agrees  with  our  previous  conclusion — namely, 
that  kevulosuria  is  the  result  of  a  more  advanced  metabolic  disturbance 
than  is  simple  glycosuria.^ 

2.  Cane-Sugar. 

Cane-sugar  is  not  found  in  diabetic  urine.  It  is  not  known  whether 
or  not  it  might  appear  if  very  large  amounts  of  it  were  eaten.  To  argue 
a  priori  from  its  composition — namely,  dextrose  plus  hevulose— it  should 
have  a  feebler  action  upon  glycosuria  than  have  starch  and  dextrose 
[Kulz  (63)].  It  should  thus  occupy  a  position  midway  between  dextrose 
and  kevulose.  This  is  not  borne  out  by  practical  experience.  Kiilz 
seems  to  have  underestimated  the  detrimental  action  of  cane-sugar  [von 
Noorden,  Naunyn  (177)].  I  may  cite  an  interesting  observation  upon 
the  effects  of  cane-sugar  as  compared  with  the  effects  of  the  same  amount 
of  its  two  components : 

The  patient  was  suffering  from  a  mild  degree  of  slyoofiniria.  Upon  strict  diet 
sugar  was  ahmit  from  the  urine.  The  different  kinds  of  sugar  were  added  to  an 
otherwise  "  strict  diet "  to  the  extent  of  100  grammes  on  two  consecntiTe  days 
one  half  at  8  a.m.,  the  other  half  at  10  a.m.  Between  each  period  of  two  davs  one 
day  of  ordinary  strict  diet  was  interpolated.  The  total  sugar  in  the  urine  n>r  the 
throe  days — two  with  added  sugar  and  one  with  strict  diet — was  estimated,  and 
thus  corresponded  with  the  giving  of  200  grammes  of  one  sort  of  sugar  or  another. 

CoihoM^  Sugm^  in  Urine, 

{for  every  Two  Days),  Om. 


J  grammes  sliiooBe 

200        „        UBvnlose 


200 
200 
100 
200 


starch 

cane-sugar 

bByulo8e+ 100  grammes  glucose 

lactose 


36 
34 
17 
26 


For  the  theoretical  importance  of  this  hehaviour  of  hevolose,  see  Vol.  I. 
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These  favourable  results  of  giving  kevulose  are  striking,  whilst  the 
effects  of  cane-sugar  were  worse  than  those  of  an  equal  quantity  of 
dextrose  and  Isevulose  together. 

Quite  recently  we  have  been  told  by  Teschenmacher  and  von  Oefele  of 
diabetic  patients  who  have  shown  an  extraordinary  tolerance  for  cane* 
sugar  (178). 

3.  Maltose. 

Spontaneous  maltosuria  was  described  by  le  Nobel  and  van  Ackeren 
(179)  in  one  case  of  pancreatic  diabetes  with  steatorrhoBa.  It  was  at 
first  hoped  that  the  appearance  of  maltose  might  afford  sure  evidence  of 
severe  affection  of  the  pancreas,  but  unfortunately  this  hope  has 
not  been  realized. 

I  searched  in  vain  for  maltose  by  van  Ackeren's  method  in  three 
cases  of  diabetes  in  which  the  pancreas  was  afterwards  proved  to  be 
grossly  diseased. 

L^ineand  Kottmann  (180)  have  recently  reported  several  cases  of  spon- 
taneous maltosuria  in  diabetes  mellitus  concomitcuitly  with  glycosuria, 
but  the  conditions  which  led  to  this  were  not  clear.  They  also 
found  small  quantities  of  maltose  along  with  abundance  of  dextrose  in 
the  urine  of  dogs  rendered  diabetic  by  extirpation  of  the  pancreas.  This 
is  contrary  to  Minkowski's  results.  He  failed  to  find  maltosuria  in  pan- 
creatic diabetes,  even  when  the  salivary  glands  were  extirpated  as  well 
as  the  pancreas.  We  ourselves  have  found  maltose  under  these  condi- 
tions, but  only  quite  exceptionally.  It  may  be  remarked  in  passing 
that  normal  urine  may  contain  traces  of  isomaltose  [Baisoh,  Lemaire, 
Pavy  and  Siau  (181)]. 

When  maltose  is  administered  by  the  mouth  in  cases  of  diabetes  it 
is  excreted  as  dextrose.  The  amount  thus  eliminated  varies  with  the 
degree  to  which  the  patient  can  still  katabolize  dextrose.  The  maltose 
itself  does  not  pass  straight  out  into  the  urine  [P.  Palma  (176)]. 

There  are  certain  individuals  who  have  very  little  tolerance  for 
maltose,  although  they  may  be  able  to  deal  with  other  forms  of  sugar 
quite  well,  or  at  least  relatively  better.  Beer  is  our  only  food-stuff 
which  contains  much  maltose.  I  have  often  seen  patients  who  come  for 
advice  because  sugar  has  been  discovered  in  their  urine.  The  history  is 
that  they  had  been  drinking  beer  freely  before  the  discovery.  Further 
observations  prove  in  these  cases  that  the  mellituria  only  occurs  after 
beer-drinking,  whilst  cane-sugar  and  any  quantity  of  starch  cause  no 
glycosuria.  In  one  patient  ^  litre  of  beer  was  enough  to  produce 
mellituria,  in  others  much  more.  It  seems  that  in  these  people  the  maltose 
is  not  properly  dealt  with,  either  in  the  bowel  or  in  the  circulation. 
One  must  be  on  the  look  out  for  such  peculiarities,  lest  one  diagnose  a 
harmless  idiosyncrasy  as  a  dangerous  disease.  Unfortunately,  no  steps 
were  taken  to  determine  whether  the  sugar  in  these  cases  was  glucose, 
or,  as  I  think  more  probable,  unaltered  maltose. 
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4.  Laetose. 

Spontaneous  lactoBuria  only  occurs  towards  the  end  of  pregnancy 
and  during  lactation  (see  Vol.  I.).  I  have  three  times  observed  a  marked 
degree  of  laotosuria  in  diabetic  women  who  had  lately  been  confined. 

All  observers  are  agreed  that  diabetic  patients  do  much  better  upon 
lactose  than  they  do  upon  dextrose  (182).  This  is  borne  out  by  the  re- 
markable tolerance  for  milk  exhibited  by  many  of  the  patients.  It  is  a 
fact  of  great  therapeutic  importance ;  but,  just  as  in  the  case  of  Isevulose, 
the  tolerance  is  not  always  lasting.  It  disappears  when  the  milk  diet  is 
long  continued,  so  that  the  milk  cure  recently  advocated  by  Winter- 
nitz  and  Strasser  (183)  is,  unfortunately,  not  of  universal  application 
[von  Noorden,  Naunyn  (177)]. 

Nevertheless,  I  agree  with  Wintemitz  that  there  are  patients  who  do 
very  much  better  upon  an  exclusively  milk  diet,  gradually  increased, 
than  they  do  upon  a  mixed  diet.  It  is  very  important  not  to  be  dogmatic  ; 
each  case  of  diabetes  must  receive  individual  investigation,  and  each 
case  requires  its  own  line  of  treatment.  In  this  respect  I  would  refer 
to  the  similarity  between  this  milk  cure  and  the  oat  cure  I  myseU  have 
recommended. 

The  sugar  which  appears  in  the  urine  after  the  administration  of 
lactose  is  dextrose ;  the  same  is  true  after  giving  galactose  [Voit  (184)]. 
If  the  lactose  is  taken  in  very  large  quantities,  a  small  portion  of  it 
passes  into  the  urine.  De  Jong  mentions  this,  and  I  have  seen  it  three 
times  after  taking  100  grammes  of  pure  lactose,  and  twice  in  diabetic 
patients  with  marked  glycosuria  who  were  upon  an  exclusively  mi]k  diet 
of  from  2|  to  3  litres  per  diem. 

Alimentary  lactosuria  may  occur  in  children  who  have  no  diabetes 
(see  chapter  upon  Metabolism  in  Childhood).  Many  cases  of  glycosuria 
have  been  described  in  infants  with  disturbance  of  the  gastro-intestinal 
functions.  Orosz  showed  that  this  sugar  was  dextro-rotatory,  and  would 
not  ferment.  He  concluded  it  was  lactose,  or  a  product  of  lactose. 
Langstein  and  Steinitz  (184a)  identified  lactose  and  galactose  in  the 
urine  of  infants  who  had  gastro-intestinal  mischief,  but  who  were  taking 
the  breast,  and  this  although  lactase  was  found  in  the  stools.  In  my  own 
wards  my  former  assistant,  Ziilzer,  investigated  the  matter  ten  years  ago, 
and  found  that  infants  under  a  year  old,  even  without  gastro-intestinal 
disturbance,  might  excrete  considerable  quantities  of  lactose  in  their 
urine,  if  to  the  ordinary  diet  of  milk  and  oat-water  about  30  grammes  of 
lactose  were  added  per  diem.  We  have  had  an  opportunity  of  pursuing 
this  investigation  further,  and  have  been  able  to  identify  the  sugar  as 
lactose ;  it  reduces,  is  dextro-rotatory,  does  not  ferment  with  Saccharo- 
myees  aficulaJtiua^  and  the  osazone  is  soluble  in  hot  water.  The  urine 
often  contained  1  and  2  per  cent,  of  this  substance. 


5.  Glycogen. 

Concerning  glycogen  in  diabetic  urine,  see  Hyperglycemia. 
VOL.  m.  37 
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6.  Pentoses. 

Pentosuria  is  fully  discussed  in  another  part  of  this  book.  In  a  very 
important  piece  of  work  upon  pentosuria  Kiilz  and  Vogel  state  that  they 
frequently  find  small  quantities  of  pentose  along  with  the  dextrose  in 
diabetic  urine.  They  also  met  with  it  in  dogs  after  ablation  of  the 
pancreas,  but  only  after  the  animals  had  had  nothing  to  eat  for  some 
time.  Von  Alfthan  (186),  who  has  done  most  brilliant  work  upon  the 
urinary  carbohydrates,  regards  pentoses  as  constantly  present  in  diabetic 
urine.  This  seems  to  me  to  be  going  too  far.  It  is  certain  that  Bial's 
test,  which  is  extremely  delicate,  almost  always  fails  in  slight,  and  very 
often  in  severe,  cases. 

The  discussion  as  to  the  origin  of  the  urinary  pentoses  and  arabinose 
in  diabetes  must  be  left  until  the  origin  of  pentoses  in  cases  of  simple 
pentosuria  is  known.  For  a  long  while  they  were  thought  to  be  derived 
from  nucleo-proteids,  which  are  known  to  yield  {-xylose.  Neuberg 
and  Salkowski  (187)  have  recently  shown  how  pentoses  may  arise  from 
hexoses  via  glycuronic  acid.^  This  is  a  most  important  and  interesting 
point  in  its  bearing  upon  diabetes.  Embden,  Salomon,  and  Schmidt, 
working  in  my  laboratory,  have  shown  it  to  be  more  than  probable  that 
during  the  katabolism  of  a-amido  acids,  and  perhaps  also  of  a-oxy  acids, 
in  the  freshly-excised  Uver,  a  carboxyl  group  may  be  split  off,  leading 
to  the  formation  of  bodies  containing  one  less  carbon  atom.  If  this  be 
so,  it  would  be  likely  that  pentoses  should  arise  firom  amino-hexoses,  or 
from  glyconic  acid,  which  is  a  probable  intermediate  substance  derived 
from  grape-sugar.  Buff  succeeded  in  preparing  arabinose  from  glyconic 
acid  in  vitro  (187a). 

Pentoses  given  as  food  seem  to  behave  in  diabetic  patients  just  as 
they  do  in  health.  They  form  little  or  no  glycogen  [Gremer,  IVentzel 
(188)],  but  they  are  utilized  in  some  way  or  other ;  only  part  of  the 
pentose,  arabinose,  rhamnose,  or  xylose  given  by  the  mouth  can  be  re- 
covered from  the  urine.  The  amount  eliminated  unchanged  varies 
enormously,  even  in  the  absence  of  diabetes  ;  no  law  controlling  this  has 
yet  been  discovered.  For  example,  there  were  recovered  from  the  urine 
and  fsBces.together : 

For  Cent. 
OfrhAinnose  ..    about  8  rLmdemann  and  BCay  (189)]- 

01  rhamnoBO      . .  . .  . .     6*16-63'0  [you  Jaksch  (190)j- 

1    Ofarabinooe 10-431 

Of  xylose  ..     18-7-64-8 

Salkowski  (191)  thinks  this  disappearance  of  pentoses  in  the  body  may 
depend  upon  fermentative  and  bacterial  changes  undergone  before  they 
are  absorbed ;  but  the  disappearance  occurs  just  the  same  when  sub- 
cutaneous injections  are  given,  whether  of  arabinose,  xylose,  or  rhamnose, 
in  man  [Voit  (192)].  Cremer  has  advanced  most  important  proof  of  their 
actual  oxidation,  by  respiration  experiments  and  gas  analyses  in  rabbits. 

In  their  experiments  upon  the  amount  utilized  in  diabetes,  Lindemann 

^  See  C.  Neuberg's  contribution  to  this  volume. 
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and  May  found  the  results  less  favourable  than  in  health ;  16  per  cent, 
of  the  rhamnose  reappeared  in  the  urine  and  fsBces.  This,  however,  may 
be  accidental,  seeing  how  wide  the  variations  may  be  in  the  same  person 
at  different  times.    Von  Jaksch  obtained  the  following  figures  : 


Per  Gent. 

PerOant. 

Of  arabinose  (Case  1) 

. .     48-9 ;  thereof  11-9  in  fsBoes. 

(Case  2) 

.     61-0; 

.,      230        „ 

(Case  3)          . . 

.     82-0; 

f»        ^~          ft 

Of  xylose 

0-4 

Of  rhamnose  {Case  1) 

..     276; 

>»        3'7        tt 

(Case  2) 

.     33-2; 

tt        3'6        „ 

(Case  3) 

.     49-3; 

..      21-4        .. 

The  hope  that  pentoses  might  prove  to  be  a  suitable  food  for  diabetic 
patients  has  not  been  fulfilled.  Great  increase  in  the  glycosuria  was 
observed  by  Lindemann  and  May,  and  in  one  diabetic  patient,  whose 
glycosuria  had  ceased  under  treatment,  the  administration  of  pentose 
caused  the  immediate  recurrence  of  dextrose  in  the  urine,  persisting  for 
several  days.  Bergell  (194)  confirms  this.  Von  Jaksch  (193)  has  also 
observed  other  ill-effects,  such  as  diarrhoea  and  increased,  perhaps  toxic, 
destruction  of  protein. 

7.  Dextrin  and  Allied  Substanees. 

Alfthan  (195),  using  the  benzoyl-ester  method,  found  about  0*16 
gramme  of  dextrin  daily  in  normal  urine  (195).  He,  and  Rosin  and  Laband 
(171)  before  him,  demonstrated  a  considerable  increase  in  the  amount 
of  dextrin  substances  in  some  diabetic  urines.  Dengler  and  von  Noorden 
instituted  some  systematic  researches  upon  this  point.  The  experiments 
remained  unfinished,  and  I  gave  the  figures  we  had  obtained  to  von 
Alfthan,  who  incorporated  them  in  his  elaborate  work  upon  the  dextrin 
substances  in  diabetic  urines  (186).  In  eleven  consecutive  cases  the 
increase  in  urinary  dextrin  was  obvious,  though  the  differences  between 
individual  cases  were  great.  The  amount  varied  directly  with  the 
severity  of  the  diabetes.  In  one  case  of  Dengler's,  where  coma  ensued 
a  few  days  after  the  observations  were  made,  the  daily  quantity  of  esters 
rose  from  3  to  4  grammes  to  17  to  27  grammes  within  twelve  days,  during 
which  time  the  patient's  general  condition  grew  steadily  worse.  It  is 
impossible  to  explain  the  reasons  for  this  yet.  We  can  only  record  the 
facts. 

8.  Glyeuronle  Add. 

Olycuronio  acid  is  an  intermediate  product  of  metabolism.  It  seems 
likely  that  it  is  derived  from  carbohydrate.  Thierfelder  and  Loewi  (196), 
however,  think  it  may  come  from  protein.  When  quantities  of  aromatic 
bodies  find  their  way  into  the  circulation,  a  portion  of  them  enter  into 
combination  with  glycuronic  acid.  Whether  this  combination  with 
glycuronic  acid  takes  place  directly,  or  whether  phenol-sugar,  etc.,  have  to 
be  formed  first  [Fischer  and  Pilo^  (197)],  will  not  be  discussed  here.  It 
seems  at  least  certain  that  the  combination  occurs  in  the  liver  [Embden 

37—2 
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(198)].  There  is  no  foondation  for  Neaberg's  (199)  critioism  of  this. 
Embden  was  able  to  confirm  his  earlier  results  by  fresh  experiments 
that  were  free  from  aU  objections.  The  fact  that  some  of  the  substances 
combine  with  sulphuric  acid,  some  with  glycuronio  acid,  seems  to  depend 
upon  a  mass  action  rather  than  upon  the  intrinsic  nature  of  the  combining 
bodies.  Usually  the  sulphuric  acid  preponderates,  but  there  is  always  a 
small  amount  of  combined  glycuronic  acid  in  the  urine  also  [Mayer  and 
Neuberg].  All  these  questions  have  been  fully  discussed  elsewhere 
(see  C.  Neuberg's  article  in  this  volume). 

Hitherto  the  amount  of  glycuronic  acid  excreted  has  been  regarded 
as  depending  upon  the  amount  of  aromatic  substances  ready  to  combine 
with  it.  Mayer  has  recently  propounded  a  converse  view  that  in  some 
cases  the  oxidation  of  glucose  can  be  carried  as  far  as  glycuronic  acid, 
but  no  further.  He  thinks  this  may  occur  not  only  in  diabetes  mellitus, 
but  also  in  various  severe  disturbances  of  the  circulatory  and  respira- 
tory organs.  The  excess  of  glycuronic  acid  would  here  be  primary, 
its  combination  with  aromatic  substances  secondary.  Mayer  bases  his 
assumption  upon  the  fact  that  at  least  a  part  of  the  grape-sugar  becomes 
katabolized  via  glycuronic  acid,  and  that  further  oxidation — ^in  part,  at 
any  rate — ^would  cany  it  through  the  stages  glyconic  acid,  saccharic  acid, 
and  oxalic  acid.  The  question  is  of  great  importance  to  diabetes,  in  that 
Mayer  regards  a  defect  in  the  further  oxidation  of  glycuronic  acid  as  the 
first  sign  of  a  disturbance  in  carbohydrate  metabolism.  True  diabetes 
would  be  the  result  of  a  further  development  along  the  same  line,  until 
a  point  is  reached  at  which  the  original  carbohydrate  molecule  is  in- 
capable of  any  oxidation  at  all.  The  oxidation  might  stop  at  the  stage  of 
oxalic  acid ;  and  perhaps  this  explains  the  increased  oxiJic  acid  so  often 
found  in  diabetes  (see  below).  As  further  evidence  in  favour  of  his  view, 
Mayer  quotes  cases  in  which  the  glycuronic  acid  was  increased,  though 
the  aromatic  substances  were  no  more  abundant  than  usual.  Phloridzin 
diabetes  is  also  explained  with  ease  upon  his  theory. 

When  we  come  to  review  the  fundamental  facts,  we  find  that  we  do 
not  possess  a  sufficient  number  of  statistics  upon  the  amount  of  glycuronic 
acid  in  diabetic  urine.  We  only  know  that  it  is  increased.  The  reason  for 
the  lack  of  definite  figures  is,  of  course,  the  extreme  difficulty  of  estimating 
glycuronic  acid  accurately.  We  are  on  this  account  prevented  from 
putting  P.  Mayer's  hypothesis  to  the  test.  That  glycuronic  acid  is 
increased  in  diabetic  urine  is  certain,  but  there  are  no  grounds  upon  which 
to  explain  this  upon  different  lines  to  the  increase  of  glycuronic  acid  in 
other  diseases.  We  are  unable  to  explain  it  any  more  than  we  can  the 
presence  of  lievulose  and  dextrin.  What  we  need  are  exact  observations 
in  which  the  intestinal  putrefaction,  the  quantity  of  aromatic  substances, 
and  the  amount  of  oxalic  acid,  are  aU  estimated  at  the  same  time.  It 
is  even  likely  that  we  do  not  yet  know  all  the  different  substances  which 
can  combine  with  glycuronic  acid  to  form  compounds  that  will  be  excreted. 
It  has  recently  been  shown  that  acetone  bodies  probably  have  a  weak 
affinity  for  glycuronic  acid  (aceton-glycosuria)  [Ruschhaupt,  MuUer, 
Neubauer  (201)].  If  this  be  so,  the  foundation  of  Mayer's  hypothesis 
begins  to  totter.    Moreover,  glycuronic  acid  given  by  the  mouth  becomes 
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completely  oxidized,  even  in  Bevere  diabetes  [Baumgarten  (202)];  it 
would  be  remarkable  if  this  should  not  also  be  so  in  the  slight  cases. 

A  few  observers  incline  to  Mayer's  view  [Wohlgemuth  (203)],  but  many 
object  to  it  because  it  has  no  real  basis  [Bial,  Blumenthal,  Esdall,  Neu- 
bauer  (204)].  It  is  a  theory  only  ;  whatever  doubts  there  may  be  about  it 
can  only  be  decided  in  the  future. 


B.— ORAPB-SUOAR. 

As  has  been  said,  dextrose  is  the  sugar  which  is  chiefly  concerned 
when  we  speak  of  glycosuria.  We  shall,  however,  say  comparatively 
little  about  it  here,  because  all  text-books  go  fuUy  into  the  matter. 
The  biological  basis  of  diabetic  glycosuria  was  discussed  at  the  com- 
mencement of  this  section. 


1.  Slight  and  Severe  Forms  of  Olyeosurla. 

Different  cases  of  diabetes  exhibit  varying  degrees  of  inability  to 
assimilate  sugar.  It  is  usual,  therefore,  in  practice  to  distinguish  dight 
from  severe  forms  [Traube  (205)]. 

(1)  Slight  Olycaeuria. — ^The  urine  only  contains  sugar  when  carbo- 
hydrate is  taken  by  the  mouth.  There  are  many  degrees  of  this  condition. 
Some  cases  only  cease  to  pass  sugar  when  carbohydrate  is  absolutely 
excluded  from  the  diet.  Others  can  tolerate  50,  100,  or  150  grammes, 
but  develop  glycosuria  when  more  is  given.  In  speaking  of  carbohydrate 
diet,  we  mean  particularly  starchy  foods,  for  it  is  these  which  are  of  chief 
importance  in  practice.  Cane-sugar  has  long  been  banished  from  diabetic 
dietaries.    Lactose  and  maltose  have  been  just  discussed. 

For  severe  cases  of  glycosuria,  Naunyn's  classification  is  adopted  : 

(2)  Olyccawia  of  Medium  Severity. — ^This  includes  case9  in  which, 
besides  carbohydrates,  the  albuminates  must  also  be  limited,  so  that  the 
nitrogen  in  the  urine  lies  between  10  and  18  grammes  per  diem  [von 
Nooiden  (206)]. 

(3)  Olycosuria  of  Oreat  Severity. — ^This  includes  cases  in  which,  even  in 
the  absence  of  carbohydrate  food,  sugar  continues  to  be  excreted,  unless 
the  protein  be  also  greatly  restricted,  down  to  a  point  at  which  the  nitrogen 
in  the  urine  is  less  than  10  grammes  in  the  twenty-four  hours. 

The  above  classification  is  not  fundamental,  but  serves  to  subdivide 
cases  for  practical  purposes.  Seegen  (207)  attempted  to  show  that 
there  were  two  quite  distinct  forms  of  diabetes  which  had  nothing  to  do 
with  one  another,  etiologically  or  pathologically ;  but  this  view  is  no 
longer  held.  Not  only  is  the  passage  of  slight  into  severe  forms  not  un- 
usual, but  almost  every  case  of  severe  glycosuria  has  been  slight  to  begin 
with,  and  has  gradually  advanced. 

Until  quite  recently  it  was  held  that  no  case  of  human  diabetes  is  so 
severe  that  every  particle  of  sugar  reaching  the  circulation  is  excreted  in 
the  urine.  It  is  idle  to  discuss  this  question,  seeing  that  protein  and  fat 
may  produce  sugar,  and  we  do  not  yet  know  how  much  sugar  is  or  can  be 
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thus  produced  in  health.  The  statement  is  usually  true  as  regards  the 
carbohydrates  in  the  food  [Kulz,  Troje,  Leo  (208)].  If  a  patient  taking 
a  fixed  diet  excretes  an  average  quantity  of  sugar,  A,  and  then  an  addi- 
tional amount,  B,  of  carbohydrate  be  given  in  the  food,  the  urine  usually 
contains  less  sugar  than  A  +  B — that  is  to  say,  the  body  has  burned  up  a 
part  of  the  additional  carbohydrate. 

I  believe  I  was  the  first  to  record  a  case  in  which  this  law  did  not  hold 
good  [von  Noorden  (209)] ;  the  whole  of  the  additional  carbohydrate  at 
once  reappeared  in  the  urine.  This  is  also  the  case  in  the  diabetes 
which  follows  total  extirpation  of  the  pancreas  [Minkowski  (51)].  I  have 
since  found  that  in  cases  of  moderate  and  of  great  severity  it  is  no  un- 
common thing  for  the  whole  of  the  carbohydrate  A  +  B  to  appear  in  the 
urine,  though  possibly  not  upon  the  very  first  day.  If  one  continues  to 
give  the  additional  amount  B,  the  excretion  often  exceeds  the  value  A  +  B 
alter  two  to  three  dajB.  Bumpf  found  this  confirmed  by  notes  of  cases 
under  the  care  of  Kiilz  (210). 

2.  Influence  of  Various  Carbohydrates. 

(1)  Different  Varieties  of  Sugar. — ^The  effects  of  these  have  already 
been  discussed. 

(2)  Derivatives  of  Carbohydrate. — Of  recent  years  experiments  have 
been  made  with  many  substances  which  may  be  intermediary  products 
of  carbohydrate  katabolism.  Diabetic  patients  deal  with  d-glyconic 
acid,  d-saccharic  acid,  muconic  acid,  glycuronic  acid,  glycosamine 
hydrochloride,  succinic  acid,  d-acetic  acid,  much  as  they  do  with  sugar 
[Baumgarten  (202)].  The  same  was  formerly  held  with  regard  to  lactic 
acid  [Cantani,  Weintraud,  Naunyn  (210a)]  ;  but  perhaps  this  is  wrong. 
In  a  few  very  severe  cases  of  diabetes  which  I  lately  investigated  with 
regard  to  this  point,  lactic  acid  seemed  to  cause  a  great  increase  in  the 
glycosuria  ;  this  needs  further  testing.  If  it  were  so,  it  is  of  great  theo- 
retical importance ;  in  practice  it  concerns  us  less,  since  anything  like  a 
large  quantity  of  lactic  acid  often  produces  diarrhoea,  and  therefore 
cannot  be  given. 

(3)  Starchy  Foods. — ^Different  starches  do  not  seem  to  act  in  the  same 
way  upon  glycosuria.  The  effects  of  60  grammes  of  starch,  for  example, 
may  be  very  different  according  as  it  is  given  in  the  form  of  bread,  or  of 
oats,  or  of  potatoes.  The  posthumous  notes  of  Kiilz,  published  by 
Bumpf  (210),  afford  many  useful  examples  of  this.  Whether  it  depends 
upon  any  peculiarities  in  the  different  kinds  of  starch,  or  whether  it  is 
due  to  any  of  the  different  substances  that  are  associated  with  them,  is 
almost  unsown.  Moss6  adopts  the  latter  view,  and  thinks  that  of  all 
starchy  food-stuffs,  potatoes  have  the  least  harmful  effect  on  the  glyco- 
suria (211).  He  believes  this  to  depend  upon  their  richness  in  potassium 
salts.  My  own  experience  is  that  oatmeal  is  even  better  still  [von  Noorden 
(212)].  I  have  found  that  many  diabetics,  particularly  severe  cases 
with  marked  acetonuria,  excrete  much  less  sugar  when  they  eat  large 
quantities  of  oatmeal  than  when  they  are  put  upon  the  strictest  diet 
which  is  as  free  from  carbohydrate  as  is  technically  possible.    Many 
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patients  who  on  the  strictest  diet  were  excreting  50  grammes  of  sugar  or 
more  ahnost  or  entirely  ceased  to  have  glycosuria  when  put  upon  the  oat- 
meal diet.  The  latter  usually  consisted  of  250  grammes  of  oatmeal, 
300  grammes  of  butter,  100  grammes  of  yegetable  protein,  and  seven  or 
eight  eggs.  As  a  proof  that  the  carbohydrate  was  actually  katabolized 
in  the  body,  the  acetonuria  diminished  greatly,  often  from  several 
grammes  to  a  trace.  The  fsBces  of  these  patients  contained  no  more 
carbohydrate  than  normal.  I  have  brought  forward  the  hypothesis  that 
the  peculiar  constitution  of  oat-starch  may  be  the  cause  of  its  better 
utilization.  There  is  one  more  point  before  we  leave  the  subject.  Preti 
(213)  has,  at  my  instigation,  investigated  several  patients  who  were 
undergoing  the  oat  cure  to  see  if  the  blood  contained  substances  which 
exerted  a  specific  diastatic  action  upon  potato-starch,  as  Ascoli  had  found 
to  be  the  case  alter  feeding  with  other  starches  such  as  rice  and  potatoes. 
The  results  were  entirely  negative. 

Lipetz  (215),  supported  by  Ewald,  Sigel,  Langstein,  and  Luthje  (214), 
has  thrown  doubt  upon  both  the  practical  and  the  theoretical  value  of  the 
oat  cure,  but  I  thinik  his  experiments  were  quiet  inadequate.  He  found 
that,  upon  oat  diet,  the  number  of  bacteria  in  the  fasces  was  much  in- 
creased, and  he  expresses  the  opinion  that  the  oatmeal  starch  led  to 
8o  little  glycosuria  because  the  carbohydrates  had  undergone  bacterial 
disintegration  in  the  intestine.  This  objection  is  at  once  overthrown  by 
the  coincident  diminution  in  acetonuria  [von  Noorden  (216)]. 

Schade  (216a)  brings  forward  an  idea  that  is  full  of  possibilities. 
The  seeds  of  different  Graminace®  have  different  effects  upon  the  Flam- 
menbrennbarkeit  of  cane-sugar.  Schade  thinks  this  may  depend  upon 
variable  kataljrtic  substances  in  the  seeds,  and  he  expects  that  a  further 
investigation  of  the  phenomenon  wUl  throw  light  upon  the  different  effects 
that  various  starches  have  upon  glycosuria.  I  can  only  say  that  I  am 
unable  to  see  how  these  physical  phenomena  and  the  biochemical  pro- 
cesses are  to  be  connected. 

The  remarks  that  I  have  made  as  to  the  effects  of  the  oat  cure  bring 
before  us  new  facts.  We  cannot  expect  to  explain  them  before  we  know 
more  about  the  intermediate  stages  of  carbohydrate  metabolism. 

Another  remarkable  fact  is  that  cane-sugar  is  often  far  better  dealt  with 
by  diabetics  when  it  is  injected  per  rectum  than  when  it  is  given  by  the 
mouth  (217).  Allowing  for  the  fact  that  only  about  half  the  sugar  injected 
into  the  colon  is  absorbed,  Orlowski,  working  in  my  ward,  found  : 


CaaeL 

Case  II. 

Case  III. 

Sogir. 

AoatoiM. 

Sugar. 

▲oetone. 

Sugar. 

Om. 
26-6 

22-9 

41*9 

AoetoDA. 

No  glnooee  added 
100  grammes  gin- 

cofle  per  rectum^ 
00  grammes  gln- 

coseperof 

Om. 
17-3 

10-6 

34-8 

Om. 
0-68 

0-33 

0-61 

Om. 
9-9 

27-3 

26*9 

Gm. 
0-30 

0-30 

0-36 

Gm. 
1-70 

1-52 

1-63 

^  We  alirays  gave  double  ae  mnclft  dextroae  per  reehtm  mper  o»,  because  it  bas  been 
bown  tbat  about  ball  tbe  sugar  injected  in  an  enema  is  expelled  again. 
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In  Oases  1  and  3  the  difference  b  very  striking.  Whetiier  or  not  the 
explanation  is  to  be  found  in  rectal  fermentation  of  the  glucose  is  still 
doubtful,  in  spite  of  further  investigations  instituted  to  decide  this  point. 
The  only  fermentative  change  seems  to  be  in  the  direction  of  lactose. 

3.  The  Influence  of  Albuminates  upon  Diabetic  Olyeosurla. 

I  would  only  recall  the  fact  that  different  albuminates  have  different 
effects.  As  KtUz  (218)  pointed  out,  and  as  practical  experience  has  de- 
monstrated times  without  number,  the  influence  of  albuminates  in 
increasing  glycosuria  is  most  marked  in  severe  cases  of  diabetes,  though  it 
can  be  seen  to  some  extent  in  slight  cases  also.  Much  more  time  is  needed 
in  these  investigations  than  is  usually  devoted  to  them.  In  the  mild 
cases  we  have  no  such  exact  records  as  we  have  in  the  severe.  Practical 
experience  teaches  us  that  diabetics  with  but  slight  glycosuria  develop 
and  maintain  a  higher  degree  of  toleration  for  carbohydrates  when  their 
proteid  food  is  limited  [Naunyn,  Lenn6,  Kolisch,  von  Noorden  (219)]. 

4.  The  Influence  of  Fat  upon  DIabetle  Olyeosurla. 
See  p.  556. 

5.  The  Influence  of  Aleohol  upon  Diabeiie  Olyeosurla. 

The  first  exact  experiments  upon  this  question  were  made  by  Ktilz 
(220).  The  glycosuria  was  not  increased.  This  has  been  thoroughly 
confirmed  by  the  elaborate  work  of  Hirschfeld,  and  I  have  found  the  same. 
This  applies  to  ordinary  medical  doses.  It  is  very  different  with  acute 
alcoholic  excesses  and  with  chronic  alcoholism.  These  create  a  tendency 
to  glycosuria  [von  Striimpell,  H.  Strauss,  J.  Strauss,  Renter,  Hoppe-Seyler, 
(222)].  As  Langstein  (223)  points  out,  and  as  I  myself  can  confirm,  the 
acetonuria  often  diminishes  when  alcohol  is  given  boldly.  This  is  not, 
however,  true  in  all  cases. 

6.  Influence  of  Muscular  Work  upon  DIabetle  Glycosuria. 

Muscular  work,  as  a  rule,  increases  the  katabolism  of  sugar,  and  to  that 
extent  diminishes  the  glycosuria,  provided  the  diet  remains  the  same 
[Kiilz,  Bourchardat,  Zimmer,  von  Mering,  Finkler,  Albu  (224)].  This  fact 
is  of  great  practical  importance,  and  b  applied  as  a  therapeutic  measure. 
Theoretically,  however,  it  is  more  interesting  and  important  that  there  are 
exceptions  to  this  rule  [von  Noorden  (225)].  Kiilz  gives  three  such 
cases,  which  seem  to  have  been  entirely  lost  sight  of.  His  post- 
humous papers  also  contain  examples  [Kiilz,  Bumpf  (210)].  I  should 
here  like  to  give  the  notes  of  six  observations  of  my  own  upon  the  point  in 
question.  All  six  patients  were  suffering  from  severe  glycosuria,  but  they 
were  bodily  strong,  and  were  not  fatigued  by  marching.  On  the  work 
days  a  journey  to  Feldberg  in  Taunus  was  performed,  which  meant  four 
and  a  half  hours'  walking,  including  a  climb  to  the  height  of  660  metres. 
The  diet  was  free  from  carbohydrate,  and  was  the  same  both  on  work  and 
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leBt  days.  The  figures  for  rest  days  are  the  average  glycosuria  on  the  day 
before  and  the  day  after  a  marching  day.  Water  was  drunk  ad  libiium. 
On  the  rest  days  the  patients  kept  their  rooms. 


rOM. 

Best  Day, 

Walking  Day, 

Om. 

Om. 

1 

29*8 

31*3 

2 

40-2 

45-6 

3 

12-8 

19-2 

4 

28*9 

39-6 

6 

43-7 

61-6 

6 

46-9 

49-2 

The  first  of  the  above  patients  repeated  the  experiment  later,  with  this 
difference  :  that  he  now  walked  for  three  hours  on  five  consecutive  days, 
and  then  rested  on  the  five  days  immediately  following.  The  diet  was 
strict,  but  with  the  addition  of  50  grammes  of  bread  per  diem.  During 
the  marching  period  he  excreted  99-2  grammes  of  sugar  daily,  and  during 
the  time  of  rest  92*5  grammes.  The  estimations  were  by  AUihn's  gravi- 
metric method.  The  nitrogen  excretion  was  constantly  15*6  to  14-9 
granmies  per  diem  throughout.  For  the  importance  of  these  observations 
from  a  theoretical  point  of  view,  see  p.  544  et  aeq. 

We  must  give  a  few  examples  of  the  converse  state  of  affairs. 


Case. 

1 

2 
3 


Sesi  Day. 

Om. 

f29-4 

^32-4 

l340 

28-6 

61 


Walking  Day. 
Om. 

8-7 
23-8 
22*2 
17-7 

00 


In  Case  I  the  urine  contained ; 


Rest  days 
Walking  days 


Acetone, 
Om. 
0-34 
0-41 


Ammonia, 
Om. 
11 
1-2 


Nitrogen, 
Om. 
10-3 
11-8 


In  Case  2  the  urine  contained : 


Rest  days 
Walking  days 


1-04 
0-77 


The  diet  was  strict,  except  in  Case  I  where  the  following  additional 
allowance  was  made  per  diem  : 

Qm. 
..     200 


Cream 

Oatmeal 

PoUtoes 


30 
75 


Heinsheimer  (225a)  has  recently  reported  some  interesting  results  he 
obtained  in  dogs  suffering  from  pancreatic  diabetes  : 


Case. 

Best  Day. 

Work  Day. 

Calorie  Value  of  External  Work. 

8ag». 

Kltragon. 

Sugar. 

Nitrogen. 

1 
2 

Gm. 
2315 
1800 

Om. 

12-60 

5-13 

Gm. 

17-60 

9-35 

Gm. 

12-60 

3-45 

63-9-147-3  calories. 
53-2  calories. 

684 
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The  actual  increase  of  katabolism  due  to  the  muscular  work  was,  of 
course,  at  least  three  times  the  above — ^that  is  to  say,  192  to  442  calories 
in  the  one  case,  and  160  calories  in  the  other.  The  diminution  in  sugar 
eliminated  will  by  no  means  account  for  aU  this  :  6*55  grammes  ^^  22-7 
calories,  and  1-68  grammes  =6*0  calories.  The  experiments  show  the 
muscle  cells  had  for  the  most  part  lost  their  power  to  make  use  of  sugar, 
and,  judging  from  the  nitrogen  in  the  food  and  in  the  excreta,  the  work 
must  have  been  done  at  the  expense  of  fat. 

Salomon  investigated  the  respiratory  quotients  of  some  of  my 
patients.    After  a  control  without  food,  the  first  man — 

(1)  Received  100  grammes  of  grape-sugar. 

(2)  The  second  observation  during  rest  was  started  forty-five  minutes 
later,  and  lasted  half  an  hour.  Then  another  70  grammes  of  grape-sugar 
were  given,  and  half  an  hour  later  there  followed  : 

(3)  Work  for  fifteen  minutes. 

In  the  fasting  state  the  urine  contained  4-0  per  cent,  of  dextrose ; 
this  rose  during  the  experiment,  after  giving  the  grape-sugar,  to  6*8  per 
cent. 

The  second  patient  received  strict  diet  plus  100  grammes  of  bread 
daily.  The  observations  were  made  two  hours  after  midday  dinner, 
which  consisted  of  meat,  green  vegetables,  25  grammes  of  butter  and 
cheese. 


Os^Ver 
MinvU. 

COjiper 
Minute. 

Bespiraiory 
Quoiieni. 

1*  Diabetes  grayis : 

(a)  Rest 

(6)  Rest  (after  dextrose) 
(c)  Work  with  eigosUt 

2.  Diabetes  gravis : 

(a)  Rest 

(6>  Work  with  ergosUt 

Gc 

251-5 

266-5 

1211-7 

282-0 
1295-3 

Cc. 
174-3 
179-9 
823-0 

220-8 
907-5 

99        999 

7.  Variations  In  the  Intensity  of  the  Glyeosoria. 

The  inability  of  the  tissues  to  katabolize  carbohydrate  is  by  no  means 
constant  in  the  same  individual.  In  the  course  of  every  case  of  diabetes 
there  are  periods  of  more  and  periods  of  less  glycosuria,  corresponding 
with  a  worse  and  a  better  general  condition  respectively.  The  variations 
are  in  part  dependent  upon  treatment,  but  also  occur  quite  independently 
of  this.  It  is  a  well-established  fact  that  a  strict  diet  continued  over 
a  considerable  period  may  greatly  increase  the  tolerance  of  the  diabetic 
for  carbohydrates.  In  milder  cases  this  effect  lasts  a  long  while;  in 
severer  cases  it  soon  passes  off.  From  amongst  a  large  number  of  in- 
stances I  pick  out  the  following,  as  an  example  of  how  systematic  dieting 
may  have  a  good  influence  for  a  long  while  afterwards  : 
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Average  Sugar  in  Urine  per  Diem, 
Gm. 

6  days'  Btrict  diet+ 120  grammeB  of  bread  23-2 

14         „          „          without  any  addition  0 

(Traoes  on  the  firat  two  days  only) 

5         „          „          +60  grammeB  of  bread  0 

5         „          „          +100        „        „  0 

5  „          „          +120        „        „  0 

6  ..          „          +140        „        „  0 
6         „          „          +160        „        „  0 

(On  the  first  two  dayB,  traoes ; 
thereafter,  none) 


8.  Inflnence  of  Intereurrent  Febrile  Diseases. 

Intercurrent  diseases  often  produce  great  diminution  in  the  glyco- 
Buria.  In  great  part  this  depends  on  decrease  in  the  intake  of  food. 
Nephritis  is  the  only  condition  in  which  tiie  diminution  may  occur  apart 
from  chaiige  in  the  diet.  Much  more  frequently  the  intercurrent  afifec* 
tions  increase  the  glycosuria.  This  is  particularly  the  case  after  severe 
injuries,  and  with  inflammatory  skin  diseases,  furunculosis,  and  gan- 
grene. The  detailed  discussion  of  these  conditions  belongs  to  clinical 
medicine,  and  not  to  a  chapter  upon  the  Metabolism  of  Diabetes  (see  the 
text-books  of  Naunyn,  von  Noorden,  Williamson,  and  others). 

We  will,  however,  discuss  the  effects  of  febrile  disorders  a  little  more 
fully  here.  The  older  writers  almost  all  taught  that  acute  infective 
diseases  were  extremely  dangerous  to  the  diabetic  patient,  because  his 
powers  of  resistance  were  so  low,  but  that  during  certain  of  them,  such 
as  recurrent  fever,  typhoid  fever,  pneumonia,  and  erysipelas,  the  glyco- 
suria diminished  markedly.  There  undoubtedly  are  such  cases 
[Schupfer,  Hirschfeld  (226)].  Recently,  however,  so  many  observations, 
more  careful  than  earlier  ones,  and  including  analyses  of  the  faeces,  have 
shown  the  reverse  to  be  the  case,  that  one  is  bound  to  doubt  the  accu- 
racy of  the  older  experiments  [Bussenius,  von  Noorden,  Hirschfeld, 
Naunyn,  Mohr  (227)].  These  new  observations  agree  better  than  the 
older  ones  with  the  fact  that  non-diabetics  also  show  a  considerable  ten- 
dency to  alimentary  glycosuria  during  highly  febrile  disorders  [von 
Noorden,  Poll,  de  Campagnolle  (228)].  The  connection  between  these 
two  facts,  which  are  obviously  related  to  one  another,  is  not  perfectly 
simple.  It  is  known  that  the  stores  of  glycogen  in  the  body  diminish 
during  fever  [Manassein,  May,  Hergenhahn,  Bolly  (229)].  The  liver 
loses  it  first  [May,  Bolly],  but  later  the  muscles  are  affected  in  the  same 
way.  From  experiments  which  Hergenhahn  carried  out  at  my  instigation, 
it  now  appears  that  it  is  less  a  question  of  increased  kataboUsm  of 
glycogen  to  supply  the  additional  disintegration  in  the  body  than  one  of 
diminished  power  of  the  organs  to  form  and  store  up  glycogen ;  in  this 
respect  it  is  like  true  diabetes.  If  this  view  be  correct,  it  is  easy  to  under- 
stand the  tendency  to  alimentary  glycosuria  during  fever,  and  the  increase 
in  the  diabetic  glycosuria  that  pyrexia!  affections  cause.  The  disturb- 
ance in  glycogenosis  seems  to  depend  more  upon  the  degree  of  pyrexia 
than  upon  the  nature  of  tlxe  infection.  It  may  occur  as  the  result  of  simple 
pyrexia  following  puncture  of  the  so-called  heat-centre  [Bolly] ;  hyper- 
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glycamia  has  been  found  in  such  cases  [Noel  Paton,  Richter  (230)] 
exactly  as  after  Claude  Bernard's  piq&re.  Richter  propounded  the  idea 
that  in  fever  two  opposite  factors  are  at  work  in  regard  to  hyper- 
glycemia: that  the  pyrexia  itself  tends  to  produce  hyperglycssmia 
and  glycosuria,  whilst  the  bacterial  toxines  produce  the  opposite  effect; 
HO  that,  according  to  which  of  these  two  factors  predominates,  there  is  an 
increase  or  a  diminution  of  the  glycosuria  in  a  diabetic  who  is  suffering 
from  an  intercurrent  fever. 

Probably  the  nature  of  the  infection  is  of  importance.  Por  example, 
Kaufmann  and  Charrin  (231)  found  that  the  percentage  of  sugar  in  the 
blood  fell  after  inoculating  animals  with  BcusiUus  pyocyaneus  ;  whereas  after 
anthrax  infection  the  liver  loses  its  glycogen,  and  hyperglycemia  appears^ 
[Colla  (232)].  In  the  same  way,  Nebelthau  (233)  found  that  different 
bacteria  had  very  different  effects  upon  the  glycosuria  of  animals  whose 
pancreas  had  been  ablated.  Whether  the  injurious  effect  of  the  febrile 
infection,  regarded  as  a  whole,  is  exerted  indirectly  through  the  pancreas, 
or  directly  upon  the  glycogenic  function  of  the  liver  and  muscles,  is  a 
question  not  yet  ripe  for  discussion. 

Richter's  hypothesis  may  account  for  the  phenomena  whilst  the  infec- 
tive disease  is  in  full  swing,  but  it  does  not  explain  why  acute  febrile 
disorders,  particularly  influenza  and  streptococcal  tonsilUtis,  leave  behind 
them  a  temporary,  and  often  permanent,  exacerbation  of  the  diabetes 
[von  Noorden,  Hirschfeld,  Pavy,  Mohr  (234)].  It  is  difficult  to  explain 
this  in  any  other  way  but  as  the  result  of  direct  damage  to  the  pancreas. 

It  must  also  be  mentioned  that  Ltithje  (234a)  found  the  glycosuria  of 
dogs  which  were  suffering  from  pancreatic  diabetes  to  be  much  less  wheia 
the  external  temperature  was  high  (22°  to  24°  R.)  than  when  it  was  low 
(8°  to  10°  R.).  He  gives  no  figures  upon  the  temperature  of  the  blood 
in  these  cases. 


v.— ACETONE  AND  ALLIED  BODIES,  AND  DIABETIC 
INTOXICATION  (DIABETIC  COMA). 

1.  The  Sources  of  Acetone  Bodies. 

The  close  relationship  between  acetone  bodies  and  carbohydrate 
metabolism  has  been  fully  discussed  in  another  part  of  this  work.  Its 
great  importance  in  any  theory  of  diabetes  goes  without  saying.  Every 
change  in  our  knowledge  and  theories  about  acetone  bodies  affects 
diabetes  also.  I  need  not  here  go  into  the  history  of  acetonuria  and  the 
older  views  upon  its  origin.  I  refer  the  reader  to  the  researches  of 
Magnus-Levy,  Waldvogel,  Mohr,  and  Satta  (235),  and  to  Vol.  I. 

Acetone  is  a  by-product  of  protein.  This  was  first  shown  in  vUro ; 
the  site  and  mode  of  formation  of  acetone  from  derivatives  of  protein  in 

^  Spontaneous  hypergljcnmla  f 0*136  per  cent.)  without  ^Ijoosnria  was  also  found 
by  OS  in  lobar  penmnonia  at  the  height  of  the  disease.  The  administration  of  100  grammes 
of  grape-sugar  raised  the  sugar  in  the  blood  to  0*28  per  cent.,  yet  no  glycosuria  ensncd. 
The  hyperglycaemia  must  have  been  counteracted  by  a  greater  impermeability  of  the 
kidneys,  produced  by  the  febrile  process. 
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the  body  were  worked  out  in  my  laboratory  (236).  Embden  and  KaU 
berlah,  in  tranafnaion  experiments  upon  recently  excised  viscera,  recog- 
nised that  the  liver  is  the  only  organ  which  yields  acetone  on  transfusion 
with  normal  blood.  The  amount  of  acetone  formed  during  an  experiment 
varied  between  12  and  27  milligrammes  per  litre  of  blood. 

It  was  proved  that  the  addition  of  various  substances,  amongst  them 
derivatives  of  protein,  to  the  blood  increased  the  amount  of  acetone 
produced  [Embden,  Salomon,  Schmidt].  The  following  were  particu- 
larly active  in  forming  acetone :  leucin,  isovalerianic  acid,  butyric  acid, 
the  higher  homologues  of  the  latter  which  contain  the  same  number  of 
carbon  atoms,  )9-oxybutyric  acid,  and  certain  aromatic  substances  whose 
benzene  ring  is  destructible  in  the  body,  such  as  tyrosin,  phenyl-alanin, 
phenyl-a-lactic  acid,  and  homogentisio  acid.  Embden,  upon  chemical 
grounds,  came  to  the  following  conclusions  : 

1.  The  katabolism  of  aliphatic  monamido-monocarbon  acids  takes 
place  in  such  a  way  that  they  give  up  CO,,  lose  their  amine  group,  and 
become  bodies  containing  one  less  carbon  atom,  probably  the  correspond- 
ing fatty  acids. 

2.  After  this  change  into  fatty  acids,  they  are  further  katabolized  in 
the  usual  way,  by  oxidation,  down  to  )9-carbon  compounds. 

3.  The  kataboUsm  of  the  aromatic  nuclei  was  not  fully  explained, 
but  acetone  was  proved  to  be  a  product  of  the  benzene  ring  when  the 
latter  was  split  up.  Probably  homogentisic  acid  is  an  intermediate  pro- 
duct between  the  benzene  ring  and  acetone,  just  as  Neubauer  and  Falta 
(236a)  showed  it  to  be  between  tyrosin  and  phenyl-alanin.^ 

In  showing  that  acetone  is  derived  from  protein  via  fatty  acids, 
Embden  and  his  confreres  have  settled  the  old  dispute  as  to  whether 
acetone  is  derived  from  protein  on  the  one  hand,  or  from  fatty  acids  on 
the  other  hand.  It  has  already  been  mentioned  that  the  same  experi- 
ments succeeded  in  referring  sugar-formation  from  fat  and  that  from 
protein  both  to  the  same  chemical  process. 

Perhaps  one  of  the  most  important  of  all  the  points  which  Embden 
and  Kalberlah  brought  out  is  the  fact  that  the  same  organ — ^namely,  the 
liver — ^is  the  site  of  formation  both  of  acetone  and  of  sugar  from  fat  and 
from  proteid  derivatives.  The  disorder  of  carbohydrate  metabolism 
and  the  abnormal  formation  of  acetone  having  a  common  locality,  it 
becomes  much  easier  to  follow  the  chemistry  of  the  condition. 

Whether  the  acetone  is  formed  entirely  from  protein,  or  whether  it 
is  also  possible  for  it  to  be  derived  from  sugar  via  glycuronic  acid 
[Fluckiger,  Baer  (237)],  it  remains  probable  that  the  greater  part  of  the 
acetone  bodies  have  fatty  acids  as  their  immediate  precursors.  Hirsch- 
feld  (238),  continuing  some  earlier  work  of  Rosenfeld's  (239),  discovered 
the  fundamental  fact  that  it  is  not  increased  protein  katabolism,  nor 
destruction  of  tissue  protein,  nor  the  limitation  of  the  number  of  calories 
the  food  contains,  which  are  the  essential  factors  in  causing  acetonuria, 
but  that  the  latter  is  due  to  the  absence  of  proper  carbohydrate  meta- 
bolism. Since  Geelmuyden,  Magnus-Levy  (240),  and  subsequently  many 
others,  showed  that  fatty  acids,  especially  the  lower  ones,  were  quanti- 

^  For  detaik,  see  the  original  articles  by  Embden  and  his  colleagues. 
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tatively  the  greatest  source  of  acetone  bodies,  the  general  conclusion 
seems  to  be  :  that  when  fatty  acids  are  katabolized  in  the  body  without 
a  certain  quantity  of  carbohydrate  being  katabolized  along  with  them, 
the  conditions  are  extremely  favourable  for  an  increase  of  the  acetone 
bodies  above  their  normal  very  small  amount. 

It  is  not  known  how  the  carbohydrates  are  able  to  inhibit  the  produc- 
tion of  acetone  in  this  way.  Our  knowledge  of  the  katabolic  changes 
in  carbohydrates  and  fats  are  still  too  imperfect  for  us  to  be  able  to  say 
at  what  stage  of  this  katabolism  the  inhibition  occurs.  We  do  not  even 
know  whether  or  not  the  acetone  and  allied  bodies  are  really  normal 
intermediate  products  of  fat  katabolism,  or  whether  they  are  only  formed 
when  no  carbohydrate  is  being  broken  down  along  with  the  fat.  It  is 
conceivable  that  some  process  of  "  secondary  oxidation  "  occurs,  such  as 
Nasse  long  ago  described  (241). 

It  is  not  only  possible,  but  probable,  that  oxybutyric  acid  is  a  regular 
and  normal  precursor  of  the  acetone,  undergoing  immediate  further 
oxidation.  The  healthy  body  is  able  to  katabolize  the  acid  completely 
when  it  is  administered  along  with  carbohydrate  [Geelmuyden,  Wald- 
vogel,  Schwarz  (242)].  Acetone,  on  the  other  hand,  is  katabolized  with 
extreme  difficulty  when  thus  administered  by  the  mouth  [Schwarz, 
Geehnuyden,  Miiller  (243)], 

The  acetone  produced  in  the  body  behaves  differently.  It  is  perhaps 
being  produced  all  the  time  in  health,  probably  from  leucin  [Embden 
and  Almagia,  O.  Embden,  H.  Salomon,  and  P.  Schmidt  (236)] ;  but  in 
the  normal  body  it  is  at  once  oxidized  in  statu  nascendi  in  the  living  liver, 
whereas  an  artificially  transfused  liver  is  unable  to  effect  this.  Whether 
or  not  acetone  arises  from  the  ordinaiy  simple  fatty  acids  in  the  normal 
body  is  another  question. 

On  the  other  hand,  it  seems  likely  tlxat  oxybutyric  acid  is  constantly 
being  produced  from  butyric  acid,  and  this  in  turn  from  the  ordinary  fatty 
acids  with  straight  chains  of  carbon  atoms.  If  this  be  so,  then  in  diabetes 
under  certain  circumstances  some  factor  must  be  at  work  to  prevent  the 
normal  further  oxidation  of  the  oxybutyric  acid. 

The  following  formul»  may  perhaps  be  regarded  as  the  normal  stages 
of  katabolism : 

1.  CH, 
I 
CH, 

CH| 

OOOH 

— butyric  acid.  Prom  this,  by  addition  of  one  oxygen  atom  to  the  P- 
carbon  atom,  we  get : 

2.  CH, 
I 
CHOH 

I 
CH, 

OOOH 
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— P-ox^buiyric  add.  Here  the  roads  of  normal  and  pathological 
katabolism  separate.  Normally  another  oxygen  atom  is  taken  up,  the 
chain  breaks  between  the  a-  and  jS-carbon  atoms,  and  by  oxidation  of  the 
one  half  of  the  chain,  and  redaction  of  the  other,  two  molecules  of — 

3.  OH, 
COOH 


CH, 
COOH 

— aceiie  add  are  produced.    These  are  very  readily  oxidized,  taking  up 
8  atoms  of  oxygen  to  form — 

4.  400t  and   4H,0 

Oftrbonlo  Add.      Water. 

The  inhibition  of  this  process  that  we  were  speaking  of  seems  to  take 
place  at  the  moment  when  two  molecules  of  acetic  acid  ought  to  be  pro- 
duced by  a  splitting  of  the  oxybutyric  acid  chain  between  the  a.  and 
)9-carbon  atoms.  In  place  of  this,  the  reduction  of  the  second  half  of  the 
chain  is  omitted,  whilst  oxidation  of  the  first  half  goes  on — ^that  is  to  say, 
aceto-acetic  acid  is  formed,  and  by  the  loss  of  CO,  this  becomes  acetone. 

The  pathological  formul»  would  thus  be : 

2.  CH, 
\^ 
CHOH 

I 
CH, 

COOH 

— P'Oan^mtyrie  add.     From  this,  by  the  taking  up  of  one  more  atom 
of  oxygen  by  the  )9.carbon  atom,  and  the  removal  of  water,  we  get — 

3.  CH, 

CO 

I 

CHi    +     H/) 

y  COOH 

— acekhoceiie  add.    This,  in  the  usual  way,  then  becomes  : 

4.  CH. 

CO    +    C0| 

CH, 
Aoetono.    Carbonio  Add. 

Why  carbohydrates  should  tend  to  make  the  katabolism  follow  the 
first  path,  and  their  absence  cause  it  to  pursue  the  second,  is  quite  un- 
known. 
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When  there  are  difficulties  in  the  way  of  the  first  process,  part  of  the 
ozybutyric  acid  is  compelled  to  undergo  the  second,  with  the  result  that 
acetone  and  aceto-acetic  acid  appear  in  the  urine. 

If  the  difficulties  in  the  way  of  the  normal  process  are  still  greater, 
the  alternative  route  is  not  adequate  to  the  kataboUsm  of  all  the  oxy- 
butyric  acid,  and  more  or  less  of  the  latter  itself  finds  its  way  into  the 
urine. 


2.  PeeuUarities  of  the  Ketonuria  of  Diabetes  Mellitus. 

In  diabetes  there  is  a  special  tendency  to  ketonuria,  partly  because 
the  patient  takes  little  carbohydrate,  partly  because  he  cannot  properly 
utilize  what  he  does  take.  He  is  in  a  much  worse  position  than  a  non- 
diabetic  patient  who  is  fasting  or  is  living  upon  protein  and  fat,  for  he  is 
excreting  the  carbohydrate  formed  from  albuminates.  The  sugar  pro- 
duced from  protein  can  inhibit  the  formation  of  ketone  just  as  well  as 
regular  carbohydrate  can  ;  for  acetonuria  diminishes  when  protein  kata- 
bolism  increases  [Bosenfeld,  Hirschfeld,  Waldvogel,  Talma  (245)],  pro- 
vided tiiat  the  protein  does  not  drive  up  the  glycosuria,  and  thus  do  away 
with  the  inhibitive  action  that  the  protein  sugar  would  exert.  Since 
little  attention  is  paid  to  this  point,  it  may  be  well  to  give  the  following 
observations,  which  are  some  of  many  : 


InitiaU  of 
PaiietU, 

Nitrogen 
kaiabolized. 

Suffor. 

Acetone, 

.^ 

W 

M 

A 

Gm. 
/  610 
\  15-32 
/  9-53 
\  16-62 
/  6-30 
\  17-26 

Om. 

7-3 
82-7 
19-1 
64-7 

6-2 
60-4 

Qdl 
0-58 
214 
MS 
2-90 
0-42 
1-76 

Om. 
1-7 
3-0 
2-3 
3-4 
1-7 
3-8 

The  figures  are  the  averages  for  three  consecutive  days.  The  diet  was 
always  free  from  carbohydrate ;  the  only  variation  was  the  amount  of 
meat  during  the  two  observation  periods  in  each  case. 

Borchardt  (246a),  starting  upon  the  assumption  that  different  proteins 
contained  different  amounts  of  sugar-forming  constituents,  tested  to  see 
whether  they  exhibited  differences  in  their  inhibitory  power  over  ketone 
production.  His  observations  in  cases  of  diabetes  led  him  to  place  them 
in  the  following  order  : 

Protamine. 

Histone. 

Egg-albumin. 

Pancreas. 

Casein. 

Prom  above  downwards  these  contain  progressively  decreasing  quan- 
tities of  monamino-acids,  which  are  the  producers  of  sugar  ;  and,  accord- 
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ing  to  Bouchardt,  their  antiketoplastic  power  places  them  in  this  same 
Older. 

Bouchardt's  results,  however,  are  by  no  means  clear  enough  to  justify 
absolute  conclusions.  A  new  aspect  is  given  to  the  question  by 
Embden's  researches,  which  show  that  the  same  group  of  atoms— rleucin, 
for  example — can  act  as  a  producer  of  sugar  and  as  a  producer  of  acetone, 
as  an  inhibitor  and  as  an  augmentor  of  ketone  formation. 

The  facts  that  physiology  teaches  in  regard  to  partial  inanition  are, 
upon  the  whole,  applicable  to  diabetes.  The  more  the  tolerance  for  carbo- 
hydrates is  impaired,  the  more  do  acetone  bodies  appear  in  the  urine, 
and  so  on.  Many  of  the  known  facts  are  explainable  without  having  to 
suppose  that  there  are  special  anomalies  of  metabolism  peculiar  to  dia- 
betes. When  ketonuria  is  slight,  acetone  alone  appears.  This  is  mostly 
excreted  in  the  urine,  but  considerable  quantities  may  be  given  off  in  the 
expired  air  [Schwarz,  Miiller  (246)]  ;  as  much  as  20  to  40  per  cent,  of  the 
total  acetone  excreted  has  been  found  in  the  breath.  When  the  acetone 
in  the  urine  reaches  0-4  to  0*5  gramme  per  diem,  the  ferric  chloride  test 
usually  begins  to  show  that  aoeto-acetio  acid  is  also  present.  I  have 
verified  this  in  several  hundreds  of  cases.  Often  at  this  point,  but  more 
usually  when  the  acetone  in  the  urine  reaches  0-8  to  1-0  gramme,  ^-oxy- 
butyric  acid  also  begins  to  be  detected ;  it  is  seldom  absent  when  the 
acetone  amounts  to  1-5  grammes  or  more.  The  more  of  these  two  acids 
there  are,  the  more  does  the  proportion  of  expired  acetone  fall  behind  the 
total  amount  of  acetone  and  allied  bodies  in  the  urine  ;  but  the  absolute 
quantity  thus  expired  may  be  considerable — ^witness  the  strong  odour  of  it 
that  pervades  the  atmosphere  round  some  of  these  pati^its.  In  one  case 
of  Schwarz's  (247)  the  average  of  three  days  gave  the  following  figures  : 

Aoetone  in  the  urine        6*97  grammes. 

Aoetone  expired 4'9  ,• 

Oxybntyrio  acid  in  the  urine 43'9        ,» 

In  another  of  his  cases  the  average  over  a  period  of  dght  days  was 
19*2  grammes  of  acetone  bodies,  reckoned  as  oxybutyric  acid.  The 
proportions  were : 

41 '2  per  cent,  as  oxylmtyric  aoid  in  the  urine. 

43'6        „        as  acetone  and  aoeto-acetic  aoid  in  the  urine. 

16*3        1,        as  acetone  in  the  expired  air. 

The  main  laws  of  ketonuria  can  be  learned  without  reckoning  the 
acetone  in  the  breath,  but  for  detailed  investigations  in  the  future  it  is 
essential  for  the  expired  acetone  to  be  estimated. 

The  amount  of  acetone  bodies,  expressed  as  oxybutyric  acid,  was 
formerly  much  exaggerated.  Figures  such  as  the  226  grammes  per  diem 
of  Kiilz  are  obtained  by  faulty  methods.  It  was  Magnus-Levy  (235) 
who  insisted  on  this.  As  a  rule,  the  oxybutyric  acid  does  not  exceed 
30  to  40  grammes  even  in  the  worst  cases  ;  exceptionaUy,  the  figures  may 
be  higher  [Weintraud,  Schwarz,  Geelmuyden,  Magnus-Levy,  and  others 
(249)].  Several  times  in  my  own  laboratory  as  much  as  50  to  60  grammes 
were  observed  over  considerable  periods  by  the  Magnus-Levy  method. 

VOL.  in.  38 


692  THE  PATHOLOGY  OP  METABOLISM 

There  is  no  constaQt  relation  between  the  quantity  of  oxybutyric  acid 
and  the  total  amount  of  acetone  and  aceto-acetic  acid  in  the  urine.  In 
milder  cases  the  acetone  preponderates.  Hart  cites  a  number  of  cases 
in  which  acetone  is  excreted  without  any  accompanying  diacetic  acid ; 
the  higher  the  degree  of  ketonuria,  the  greater  is  the  proportion  of  oxy- 
butyric acid,  80  that  in  advanced  stages  of  acidosis  this  usually  constitutes 
two-thirds  to  three-quarters  of  the  total  acetone  bodies  present.  It 
depends  to  a  certain  extent  upon  other  factors,  such  as  the  amount  of 
alkali  given  by  the  mouth.  This  has  a  marked  influence  upon  the  oxy- 
butyric acid,  sending  it  up— «t  least,  temporarily  [Magnus-Levy,  Mohr 
and  Loeb,  Waldvogel,  Schwarz  (250)] — ^whilst  the  acetone  is  much  lees 
affected  by  alkalis.  When  it  is  affected  at  aU,  as  in  a  case  of  Wein- 
traud's  (251)  and  in  one  of  Magnus-Levy's  (240),  the  alkali  seems  to  cause 
a  larger  amount  of  aceto-acetic  acid  to  be  eliminated  instead.  There 
are  cases  on  record,  however,  in  which  alkalis  either  had  practically  no 
influence  upon  the  adetone  bodies  at  all,  or  even  caused  their  diminution 
[Mohr  and  Loeb].  There  are  still  a  great  many  points  about  diabetic 
ketonuria  to  be  elucidated  (see  below). 

Patty  acids  increase  ketonuria  just  as  they  do  in  non-diabetic  subjects. 
It  is  the  lower  fatty  acids — ^butyric,  valeric,^  caproic  [Schwarz,  Loeb  and 
Mohr  (252)],  and  perhaps  also  acetic  [Satta  (235)] — that  have  the  greatest 
influence  in  this  respect.  In  a  patient  in  my  wards  56  grammes  of  butyric 
acid  caused  an  additional  excretion  of  22  grammes  of  acetone  bodies 
[Loeb  (252)],  so  that  it  appears,  incidentally,  as  if  butyric  acid  can  be 
directly  changed  into  oxybutyric  acid. 

As  regards  the  dietary  of  diabetic  patients,  the  injurious  effects  of  the 
lower  fatty  acids  are  of  no  great  account.  Butter,  however,  occasionally 
contains  so  many  of  the  lower  fatty  acids,  either  free  or  as  triglyceride, 
that  it  may  be  as  well  to  knead  it  well  in  cold  water  before  it  is  given 
to  the  patient  [von  Noorden  (253)]. 

The  higher  fatty  acids,  the  triglycerides  of  which  form  the  fats  of  our 
ordinary  food,  may  also  increase  the  acetone  bodies,  seeing  that  during 
kataboUsm  they  pass  through  the  stage  of  butyric  acid.  Every  100 
grammes  of  fat  can  produce  about  28  to  30  grammes  of  butyric  acid  in 
the  body  (254).  In  the  cases  quoted  by  Waldvogel  and  others  (254), 
however,  it  was  only  a  question  of  a  few  decigrammes  or  a  gramme, 
even  when  maximal  quantities  of  fat  were  given ;  the  condition,  more- 
over, was  but  temporary,  the  butyric  acid  ceasing  to  appear  after  a  day 
or  two.  Often  there  was  no  increase  of  ketonuria  at  all ;  according 
to  my  experience,  the  great  majority  of  cases  show  none  of  any  im- 
portance. It  is  easy  to  understand  why  this  should  be  so.  The  giving 
of  fat  does  not  increase  fat  katabolism.  Only  at  the  very  first  is 
it  possible  that,  by  a  sort  of  mass  action,  the  destruction  of  fat  may 
increase  slightly  at  the  expense  of  that  of  protein  and  carbohydrate. 
Por  the  rest  of  the  time  the  exhibition  of  fat  only  leads  to  food  fat  being 
katabolized  instead  of  body  fat.  The  latter  probably  behaves  exactly 
like  the  former,  as  regards  the  production  of  acetone  ;  evidence  of  this  is 

^  This  IB  true  only  of  iaoTaleric  acid,  aooording  to  Embden's  new  and  repeated 
lesearches. 
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afforded  by  comparatiye  observations  upon  ketonuria  in  inanition  and 
upon  protein  fat  diet  [Satta  (236)].  Just  as  in  the  case  of  non-diabetio 
people,  the  positive  influence  of  fat  upon  ketonuria  is  only  seen  when  the 
carbohydrate  katabolism  is  in  abeyance,  or  is  very  greatly  diminished. 
So  long  as  a  diabetic  is  assimilating  and  burning  up  some  80  to 
100  grammes  of  carbohydrate,  the  giving  of  more  fat  causes  no  real 
increase  in  his  ketonuria  [Satta,  Mohr  (255)]. 

In  diabetics,  just  as  in  non-diabetics,  the  production  of  ketones  is 
inhibited  by  the  starches  and  hexoses,  not  in  proportion  to  the  amount  of 
them  eaten,  but  in  porportion  to  the  extent  to  which  they  are  utilized 
in  the  body.  Diabetic  patients,  even  at  their*  worst,  kataboUze  at  least 
a  portion  of  the  carbohydrates  they  take,  and  this  is  of  importance  in 
their  treatment.  Ab  I  have  said,  oatmeal  is  oxidized  fairly  well  in  such 
cases,  and  I  have  had  very  favourable  results  from  its  administration. 
The  following  substances  also  have  an  antiketogenous  action  : 

Albuminates,  within  certain  limits. 
Pentoses  [Mohr  and  Loeb  (260)]. 
Glyconic  acid  [Schwarz,  Mohr  (236)]. 
Glycerin  [Hirschfeld  (246),  Satta  (266)]. 
atric  acid  [Satta  (266)]. 

Lactic  acid  [Meyer,  Satta  (266a)],  though  my  own  observa- 
tions do  not  altogether  confirm  theirs.^ 

It  is  important  to  complete  the  list  of  antiketogenous  substances,  of 
which  there  surely  must  be  many  more  ;  and  this  not  only  for  therapeutic 
purposes,  but  also  to  learn  at  what  stage  of  their  katabolism  the  carbo- 
hydrates exert  their  inhibitive  action. 

In  many  respects  the  ketonuria  of  diabetics  differs  from  that  of  non- 
diabetics  in  degree  only,  but  in  one  respect  the  difference  is  so  funda- 
mental that  we  may  say  that  the  effect  of  absence  of  carbohydrate  upon 
the  formation  of  acetone  bodies  must  be  regarded  as  a  specific  disorder  of 
metabolism  in  diabetes.  This  specific  disorder,  though  exhibited  in  very 
varying  degree  in  different  patients  and  in  the  same  patient  at  different 
times,  is  often  so  great  that  all  the  physiological  laws  of  ketonuria  seem 
to  be  broken : 

1.  There  are  diabetic  patients  who  tolerate  carbohydrate — at  least, 
of  certain  kinds — so  well,  and  absorb  and  oxidize  so  much  {e.g.,  70  to  100 
grammes  per  diem),  that  if  they  were  not  diabetic  no  acetonuria  would 
occur ;  and  yet  they  excrete  quite  large  quantities  of  acetone.  A  few 
examples'  wiU  serve  to  illustrate  this  (see  table,  p.  594). 

2.  Many  diabetics  respond  to  the  change  from  mixed  diet  to  one  free 
from  carbohydrate  by  developing  marked  ketonuria ;  the  latter  does  not 
disappear  when  carbohydrate  is  again  given.    The  prognosis  is  then  very 

1  The  ezperimentB  tabxilated  upon  p.  694  show  a  sharp  decline  in  the  amount  of 


^  In  each  of  these  cases  the  ferric  chloride  reaction  was  marked  ;  ozybutyrio  acid  was 
present.  The  breath  had  a  strong  odour  of  acetone.  The  fiffores  for  acetone  given  in 
the  last  oolnmn  of  the  table  therefore  represent  bat  part  of  me  total  acetone  excreted. 
They  serve,  however,  for  purposes  of  illustration.  All  the  figures  are  the  average  <^  several 
days. 
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unfavourable.    Th^  behave  like  non-diabetic  patients,  but  in  greatly 
exaggerated  degree. 


Com. 

Acetone  in  the 
Urine. 

In  the  Urine : 

In  the  Ibod. 

Analysiiby 
Reduction. 

AwlmUated. 

Om. 

Om. 

Gm. 

Gm. 

1 

160 

77 

73 

2-3 

2 

150 

66 

84 

2-3 

3 

160 

02 

58 

4-7 

4 

160 

74 

76 

2-8 

6 

150 

58 

02 

11 

3.  In  other  oases  the  ketonuria  resulting  from  strict  diet  is  temporary 
or  absent,  or  falls  considerably  after  an  initial  rise.  This  is  quite  different 
to  the  ketonuria  of  non-diabetics,  and  can  only  be  explained  by  supposing 
that  the  removal  of  all  carbohydrates  improves  the  general  condition, 
and  alleviates  the  pathological  condition  which  produces  ketonuria. 

In  the  following  table  the  figures  are  the  averages  for  three  days. 
At  no  time  was  the  ferric  chloride  reaction  positive,  though  it  would  have 
been  in  a  healthy  person  upon  the  same  carbohydrate-free  diet  (see  Vol.  I.). 
I  drew  attention  to  this  long  ago  when  reporting  a  case  in  which 
4-6  grammes  of  acetone  were  excreted  after  strict  diet  was  begun,  but  in 
which  the  amount  fell  to  1  gramme  and  less  within  three  weeks,  though 
the  same  diet  was  continued  all  the  while  [von  Noorden  (256)]. 


Stria  Dia. 

Stria  Diet 
+  15  Om,  of  Bread, 

Case, 

FInt  Tbree  Deyi. 

Second  Three  Dayi. 

Third  Three  Deyi. 

SngMT. 

Acetone. 

Sugtf. 

Acetone. 

Sugar. 

Acetone. 

Sugar. 

Acetone. 

Gm. 

Gm. 

Gm. 

Gm. 

Om. 

Gm. 

Gm. 

Gm. 

1 

Trace 

-cO-1 

00 

-cO-1 

0-0 

-cO-1 

0-0 

-<o-i 

2 

7-0 

0-07 

0-0 

0-168 

0-0 

-=013 

00 

0-08 

3 

10-1 

0-12 

20 

0-11 

0-0 

0-08 

0-0 

0-09 

4 

25-1 

0-21 

5-2 

0-18 

0-0 

019 

0-0 

0-11 

1 

Satta  (235)  published  a  most  instructive  case  from  my  wards.  The 
patient,  suffering  from  very  severe  diabetes,  excreted  2-21  grammes  of 
acetone  bodies  (reckoned  as  oxybutyric  acid)  upon  mixed  diet.  On  the 
first  two  days  of  strict  diet  the  average  was  19-1  grammes  of  acetone 
bodies  and  141  grammes  of  sugar.  Very  large  quantities  of  fat,  sesame 
oil,  butter,  ox  fat,  pig  fat,  150  to  200  grammes  per  diem,  were  given, 
and  yet  the  ketonuria  sank  continuously,  and  on  the  eleventh  to 
thirteenth  days  of  strict  dieting  only  1-5  grammes  were  eliminated,  along 
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with  114  grammes  of  sugar ;  four  days  later  the  ketonuria  had  fallen  to 
0*8  gramme.  Similar  cases  have  been  described  by  yon  Jaksch,  Wolpe, 
Weintraud,  and  particularly  by  C.  A.  Herter  and  F.  W.  Pavy  (256a). 

4.  In  different  phases  of  the  disease,  even  when  the  diet  and  the 
amount  of  sugar  katabolized  are  approximately  constant,  the  ketonuria 
may  show  wide  variations  (see  the  following  table).  This  cannot  be 
explained  by  habit,  although  this  certainly  plays  a  part  in  diabetics, 
as  it  does  in  non-diabetics.  The  ketonuria  sometimes  rises  and  falls 
periodically,  the  diet  remaining  the  same ;  at  other  times  it  shows  a 
gradual  but  continuous  rise.    ^'  Habit "  will  not  explain  these  changes. 


Name, 

First  Period. 

Second  Period, 

Time  be- 
tween the 

Two 
Period: 

Diel, 

Sugar. 

Aeetone. 

NHj. 

Sugar. 

Acetone. 

NH}. 

O.K. 
Ki.     .. 
Bo.     .. 
Go.     .. 
An.    .. 

Om. 
00 

20 

42 

31 

38 

Om. 
0-406 

0-61 

1-2 

10 

1-7 

Gm. 

1-4 
1-5 
1-9 
1-8 

Ghn. 
00 

231 

49-1 

28-0 

81-0 

Om. 
0-060 

0-91 

2-61 

0-31 

0-62 

Om. 

2-6 
3-8 
0-8 
M 

3  months 
6      „ 

18      „ 

4  » 
23      „ 

Strict+eOsrammes 

carbohydrate. 
Strict+  60erammeB 

carbohydrate. 
Strict+  60  srammes 

carbohydrate. 
Strict,  without  car- 

bohydrate. 
Strict,  without  car- 

bohydrate. 

5.  Different  patients,  living  the  same  kind  of  life  upon  the  same  diet, 
and  katabolizing  approximately  the  same  amount  of  sugar,  exhibit  very 
different  degrees  of  ketonuria.  This  is  most  evident  in  patients  whose 
diet  contains  no  sugar,  in  which  cases  it  is  easiest  to  be  sure  that  the 
carbohydrate  metabolkm  is  practically  the  same  in  all.  The  same 
quantities  of  *'  inhibitive  bodies  "  seem  to  have  very  different  actions  in 
different  cases.    Two  examples  wiU  illustrate  this  : 

The  urine  became  free  from  sugar  in  Adolf  S.,  aged  fifty  years,  after  four 
days'  strict  diet ;  in  Miss  Anna  R.  after  ten  days'  strict  diet,  with  the 
addition  of  green  vegetables  upon  two  of  them.  After  eight  days'  com- 
plete absence  of  sugar  from  the  urine,  both  patients  continuing  upon 
strict  diet,  the  urine  analyses,  upon  a  ten  days'  average,  were  as 
follows : 


Adolf  S. 

Anna  R, 

Amount  of  urine    . . 

Nitrogen 

Sugar          

Acetone 

Oxybutyric  acid    .. 
Ferric  chloride  reaction    . . 
Ammonia 

Gm. 
1530 
16-8 
0-0 
0-08 
OH) 
OK) 
0-9 

Gm. 
1980 
13-6 
00 
1-1 
15-0 
-f 
1-9 
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Two  diabetic  patients,  both  bodily  strong,  and  of  approximately  the 
same  weights  (65  and  67  kilogrammes),  had  been  having  the  same  diet 
with  restricted  carbohydrates  (260  grammes  of  meat,  together  with  eggs, 
cheese,  butter,  and  green  vegetables)  for  ten  days.  Both  were  as  nearly 
as  possible  in  nitrogenous  equilibrium,  and  the  urine,  under  the  strict 
regime,  was  free  from  sugar.  They  were  both  living  under  exactly  the 
same  external  conditions,  and  were  metabolizing  the  same  quantities, 
not  only  of  protein  and  carbohydrate,  but  also  of  fat.  On  the  four 
following  days  successively  the  one  excreted  25  grammes  of  acetone 
bodies  in  his  urine,  the  other  1*2  grammes,  reckoned  as  oxybutyric  acid 
in  each  case. 

Such  differences  as  these  cannot  be  explained  by  personal "  idiosyncrasy . " 
Li  one  group  we  have  the  low  figures  for  the  ketonuria,  corresponding 
exactly  to  those  of  healthy  persons  upon  a  proteid  fat  diet ;  in  another 
the  high  figures  due  to  the  supervention  of  a  specific  diabetic  disturbance 
of  metabolism. 

As  my  former  assistant,  Mohr  (235),  ably  showed,  everything  points  to 
the  fact  that  the  ketonuria  of  diabetes  is,  or  rather  can  be,  specific.  I 
say  "  can  be,"  because  it  is  not  every  diabetic  patient  who  exhibits  the 
departure  from  the  physiological  laws  in  this  way.  When  the  departure 
does  occur,  it  is  not  merely  quantitative,  but  qualitative  and  fundamental. 

We  know  that  the  disorder  of  carbohydrate  metabolism  in  a  diabetic 
may  be  of  different  kinds  :  (1)  Inefficient  oxidation;  (2)  defect  in  tiie 
power  to  form  carbohydrate  from  fat ;  (3)  defect  in  the  power  to  form 
and  retain  glycogen  from  carbohydrate.  These  three  anomalies  of 
metabolism  are  unequally  marked  in  different  cases ;  the  amount  of 
ketonuria  must  vary  considerably,  according  as  one  or  another  or  all 
three  of  the  above  functions  are  out  of  order. 

We  cannot  help  thinking,  moreover,  that  there  must  be  a  primary 
qualitative  disturbance  in  the  metabolism  of  fat.  My  pupil,  Mohr  (235), 
has  insisted  upon  this.  Waldvogel,  Satta,  Schwarz,  and  Oeelmuyden 
(235  and  244)  have  independently  adopted  the  same  view.  Geelmuyden 
holds  that  there  are  two  paths  that  fat  katabolism  may  follow — ^the  one 
via  acetone  and  its  allies,  the  other  via  carbohydrate,  to  carbonic  acid 
and  water ;  but  I  should  like  to  see  investigations  carried  out  to  see 
whether  or  not  the  formation  of  acetone  from  fat  is  not  closely  related 
to  the  formation  of  sugar  from  fat.  In  my  text-book  upon  '^  The  Pathology 
of  Metabolism  "  (1893)  the  belief  was  expressed  that  the  formation  of  sugar 
from  fat  may  be  a  "  facultative  process  "  of  the  animal  body — that  is  to 
say,  one  which  only  comes  into  play  when,  from  one  cause  or  another, 
there  is  a  dearth  of  carbohydrate.  This  occurs  during  starvation,  and 
upon  a  proteid  fat  diet,  and  in  severe  cases  of  diabetes.  If  we  adopt  this 
view,  the  relation  between  the  ketonuria  of  diabetics  and  that  of  non- 
diabetics  becomes  close,  and  the  two  are  brought  into  line  with  one 
another.  It  also  becomes  easier  to  understand  the  inhibitive  action  of 
carbohydrates  and  other  antiketogenous  substances ;  they  oppose  the 
formation  of  sugar  from  fat,  and  thus  prevent  the  acetone  bodies  from 
being  produced  at  the  same  time. 

The  outcome  of  the  discussion  is  therefore  a  fact  and  a  hypothesis : 
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the  fact  is  that  the  lower  fatty  acids  always  increase  the  acetone  bodies  ; 
the  hypothesis,  that  the  higher  fatty  acids  only  do  so  when  they  are  kata- 
bolized  abnormally  in  order  to  produce  sugar. 

I  think  it  has  been  quite  established  that  not  only  the  quantity  of  fat 
katabolized,  but  also  the  way  in  which  it  is  used,  is  of  importance.  A 
diabetic  patient  with  marked  glycosuria,  who  had  been  for  five  days 
upon  a  strict  and  constant  diet,  excreted  an  average  of  26  grammes  of 
sugar  and  20  grammes  of  acetone  substances  in  his  urine.  A  climb  up  the 
Feldberg  to  a  height  of  660  metres  was  followed  by  these  figures : 
18  grammes  of  sugar,  18  grammes  of  acetone  bodies,  and  on  the  two 
succeeding  days  26*7  grammes  of  sugar  and  22  grammes  of  acetone  bodies. 
The  nitrogen  metabolism  varied  between  16  and  19  grammes.  The  diet 
was  the  same  throughout.  We  here  see  that  muscular  exertion  rather 
diminished  than  increased  the  acetonuria.  A  few  other  examples  have 
already  been  mentioned  on  p.  683.  Hirschfeld  (238)  also  found  that 
muscular  work  had  little  or  no  influence  upon  the  acetonuria. 

The  elimination  of  acetone  bodies  leads  to  a  drain  of  energy  from  Ihe 
body ;  thus,  1  gramme  of  oxybutyrio  acid  has  a  heat- value  of  4*636 
calories.  When  one  thinks  how  much  combustible  material  is  draining 
away  as  sugar  also,  one  readily  understands  the  difficulty  there  sometime 
is  in  maintaining  the  energy  requirements  of  the  body,  and  in  preventing 
emaciation  in  spite  of  a  copious  supply  of  food.  This  is  bad,  but  there  is 
a  yet  worse  side  to  the  question  of  acetone  formation. 


3.  Aeldods. 

The  most  dangerous  result  of  the  formation  of  acetone  and  its  allies 
is  the  flooding  of  the  circulation  and  tissues  with  acids — a  condition  which 
we  follow  Naunyn  in  terming  '*  acidosis."  Stadelmann  (267),^  the  dis- 
coverer of  )S-oxybutyrio  acid,  was  the  first  to  recognise  that  diabetic 
coma  was  the  result  of  this  increased  formation  of  acids,  and  the  simi- 
larity to  Walter's  experiments  upon  the  toxic  effects  of  acids  upon  animals 
was  at  once  apparent.  This  teaching  was  elaborated  by  Minkowski, 
Eraus,  Naunyn,  and  Magnus-Levy  (260),  L^ine,  Saundby,  Williamson, 
von  Mering,  and  von  Noorden  (261). 

Oxybutyric  acid  is  par  exceUence  the  cause  of  acidosis,  though  acetic 
acid,  and  perhaps  a  few  other  volatile  organic  acids,  may  assist  [Bumpf 
(262)].  Many  authors  sought  the  toxic  agent  rather  in  precursors  of 
jS-oxybuiyric  acid ;  Sternberg  and  Grube  (263)  picked  out  /9-amido- 
butjrric  acid  as  one  ot  these.  It  is  very  doubtful,  however,  whether 
)3-oxybutyric  acid  is  formed  from  this;  Magnus-Levy  (264)  regards 
Grube's  evidence  as  inconclusive.  However,  even  if  it  must  be  allowed 
that  other  substances,  possibly  precursors  of  oxybutyric  acid,  may  be 
largely  concerned  in  the  severe  toxic  symptoms  which  constitute  diabetic 

^  The  newly-disooTored  urinary  acid  was  at  first  thooeht  by  Stadelmann  to  be 
d-orotonio  acid  ;*  it  was  soon  afterwards  identified  as  /S-oinrBatyric  acid  by  Kulz  and 
Minkowski  simultaneously.  We  owe  to  Stadelmann  the  disooye^  that  tne  increased 
ammonia  in  the  urine  of  seyere  diabetes  is  combined  with  organic  acid. 
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coma,  it  is  oxybutyric  acid  itself  which  causes  the  actual  excess  of  acid  in 
the  body,  or  acidosis. 

The  figures  upon  this  point  are  quite  clear.  Considerable  quantities 
of  the  acid  have  been  found  in  the  body.  Hugounenq  recovered  4-27 
grammes  from  the  blood  of  a  diabetic  patient ;  Minkowski  demonstrated 
0*22  per  cent,  in  the  blood  ;  Magnus-Levy  0*15  to  0-22  per  cent,  in  the 
viBcera  and  in  the  blood  (265). 

The  human  tissues  are  able  to  protect  themselves  up  to  a  certain  point 
against  an  increased  production  of  acids  and  their  toxic  effects,  by  neu- 
tralizing them  with  ammonia.  Large  quantities  of  the  latter  become 
combined  with  the  acids  and  excreted  in  the  urine. 

It  is  true  that  it  is  not  every  diabetic  who  excretes  more  ammonia 

than  corresponds  to  the  composition  of  his  food.    In  the  great  majority  of 

slight  cases  one  finds  between  1  and  1^  grammes  of  ammonia  in  the 

twenty-four  hours'  urine,  and  the  relation  between  the  total  nitrogen  and 

.      .         10  to  12     ,^         ,     ^  ,.    , 

the  ammoma  mtrogen  is  about = .    When  the  figures  are  a  uttle 

higher  than  normal,  the  abundant  meat  diet  usually  affords  a  sufficient 
explanation  [Schittenhelm  and  Katzenstein  (265a)].  When  the  meat 
in  the  food  is  limited,  the  ammonia,  as  a  rule,  is  as  low  as  0-7  or 
0*5  gramme. 

On  the  other  hand,  in  severe  cases  it  is  not  unusual  to  find  from  4  to 
6  grammes  of  ammonia  in  the  urine  per  diem,  continuing  for  weeks  and 
months.  Larger  amounts  still,  such  as  10  grammes  or  more,  are  only 
found  when  coma  is  imminent,  and  even  then  are  exceptional.  Stadel- 
mann  (257)  once  found  12  grammes  per  diem  ;  the  highest  figure  I  myself 
have  met  with  was  10-5  grammes  ;  no  less  than  45  per  cent,  of  the  total 
nitrogen  excreted  was  in  the  form  of  ammonia.  The  latter,  even  when  it 
reaches  a  high  figure,  usually  does  not  exceed  20  to  25  per  cent,  of  the 
total  urinary  nitrogen. 

When  the  ammonia  amounts  to  more  than  can  be  reckoned  upon  as 
derived  direct^  from  the  food,  it  becomes  practically  certain  that  the 
diabetic  patient  is  excreting  an  abnormal  quantity  of  acid.  This  has  been 
well  established  by  the  researches  of  Stadelmann,  Wolpe,  and  Magnus- 
Levy,  and  by  the  observations  of  many  other  authors  in  single  cases  (266). 
Magnus-Levy  regards  the  anmionia  as  an  index  of  the  acidosis,  and 
showed,  from  reported  cases,  that  the  quantity  of  ammonia  in  the  urine 
was  an  approximate  measure  of  the  quantity  of  /8-oxybutyric  acid. 
Every  gramme  of  ammonia  in  excess  of  the  amount  due  directly  to  the 
food  corresponds  to  about  6  grammes  (6-12  grammes,  to  be  exact)  of 
/8-oxybutyric  acid. 

This  relationship  only  holds  good,  of  course,  when  fixed  alkali  is  not 
being  given  medicinally.  When  alkali  is  given,  the  ammonia  excretion 
may  drop  tremendously  [Wolpe,  Weintraud,  Magnus-Levy,  Gerhardt 
and  Schlesinger,  Kiilz  (267),  and  others].  The  most  marked  example  of 
the  effect  of  sodium  bicarbonate  that  I  have  seen  was  the  following  : 

Without  sodium  bioarboaate  the  avM«ge  of  four  days  was  6*0  grammes  of  NHs. 
With  30  grammes  of  sodium  bicarbonate  the  avwage  of  four  dajrs  was  2*0  grammes  of 

Without  sodium  bicarbonate  the  average  of  four  days  was  6*7  grammes  of  NHs. 
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Usually,  however,  the  effect  of  the  fixed  alkali  is  much  lees — ^for  ex- 
ample, in  a  case  of  Qerhardt's  and  Schlesinger's  : 

With  20  grammes  of  sodiom  bicarbonate  the  average  of  four  days  was  3*03  gramjnes  of 
KH,. 
Without  sodium  bicarbonate  the  average  of  four  days  was  4*45  grammes  of  KEr 
With  SO  grammes  of  sodium  bicarbonate  the  avwage  of  four  days  was  4' 10  grammes  of 

In  ten  cases,  where  the  ammonia  excreted  was  4  to  6  grammes,  I  found 
that  the  taking  of  30  grammes  of  sodium  bicarbonate  per  diem  was  fol- 
lowed by  a  10  to  22  per  cent,  diminution  in  the  ammonia.  The  diet 
remained  constant  throughout.  The  periods  of  observation  were  some- 
times three,  sometimes  five,  days.  Only  a  small  part  of  the  ammonia  that 
has  once  become  combined  with  acid  within  the  cells  becomes  set  free 
again  when  the  salt  meets  with  fixed  alkali  in  the  tissue  fluids.  Fixed 
alkali  therefore  assists  the  washing  out  of  the  acid,  and  often  leads  to  a 
sharp  rise  in  the  curve  of  oxybuiyric  acid  in  the  urine.  The  following 
instance  is  given  by  Magnus-Levy  (267a). 


Day, 

Sodium 
BicarbanaU. 

Acitont  Bodies 
Oxybutyrie  Acid. 

Nitrogen, 

Total 
Nitrogen, 

1-3 

4 
5 
6 
7 

Om. 

15-18 

109 

102 

46 

36 

Gm. 
43-2 
93-3 
107-6 
67-0 
46-8 

Gm. 
313 
2-96 
1-54 
1-90 
2-86 

Gm. 
12-3 
16-5 
21-4 
16-4 
20-7 

The  results  of  alkali  treatment  are  easy  to  understand  in  theory,  and 
if  they  do  not  always  follow  in  practice,  we  must  suppose  that  there  is  not 
an  acid  retention  in  every  case  in  which  there  is  an  increased  acid  produc- 
tion. This  may  explain  the  cases  in  which,  for  months  and  years,  the 
general  condition  remains  good,  although  large  quantities  of  oxybutyric 
acid  are  being  excreted  [Weintraud,  von  Noorden,  Sandmeyer,  Naun3m, 
and  others  (268)].  It  is  not  the  acid  excreted  which  acts  as  a  poison, 
but  that  which  remains  in  the  body,  and  therefore  the  alkali  treatment  is 
indicated  by  way  of  prophylaxis  quite  as  much  as  it  is  when  coma 
threatens  ;  in  the  latter  case  it  is  unfortunately  often  in  vain.  One  must 
not  expect  too  much  from  the  alkali  treatment.  The  formation  of 
acetone  bodies,  the  formation  of  acid,  and,  above  all,  the  errors  in  kata- 
bolism  of  oxybutyric  acid,  cannot  be  prevented  by  giving  alkalis. 

Notwithstanding  the  protective  power  of  the  ammonia,  actual  diminu- 
tion in  the  alkalinity  of  the  blood  and  tissues  may  ultimately  ensue.  In 
slighter  cases  of  diabetes  the  alkalinity  of  the  blood  does  not  differ  from 
that  of  health,  but  in  the  late  stages  of  the  disease,  and  especially  in 
diabetic  coma,  the  alkalinity  has  been  found  lower  than  it  is  in  any  other 
pathological  condition  (269).  There  is  no  object  in  giving  all  the  flgures 
here.  They  were  obtained  by  various  methods,  and  are  not  at  all  com- 
parable with  one  another.    The  figures  that  Magnus-Levy  obtained  in 
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three  patients  who  were  passiiig  into  coma  are  mstniotiTe.    They  show 
the  progreesiTe  decrease  in  tiie  alkalinity  : 


L 

n. 

m. 

NaOH. 

NaOH. 

NaOH. 

First  observation    . . 

Second 

Third 

Cc. 
361 
234 
144 

C.a 
298 

124 

0.a 
324 
362 
154 

Magnus-Levy  found  that  the  alkalinity  of  100  o.o.  of  normal  blood 
corresponded  to  320  o.c.  of  the  same  NaOH  solution. 

Gktmble,  after  extensive  investigations  upon  the  methods  for  deter- 
mining the  alkalinity  of  the  blood,  concludes  that  in  the  healthy  adult  the 
alkalinity  is  about  300  milligrammes  of  NaOH  per  100  cc.  In  diabetes 
his  results  varied  between  200  to  280  milligrammes  of  NaOH  per  100  cc. 
(277a). 

A  very  important  and  interesting  question  is  whether  this  diminution 
in  alkalinity  is  due  only  to  increase  of  acid,  or  whether  it  may  also  be  due 
to  loss  of  alkali  from  the  body.  Blood,  muscles,  and  glands  give  up  none 
of  their  alkali  in  diabetic  acidosis ;  the  ash  still  bears  the  normal  relation 
to  the  nitrogen  piAagnus-Levy].  Nevertheless,  there  is  a  diminution  in 
calcium.  Several  observers  [Bocker,  Neubauer,  Toralbo  (270)]  long  ago 
found  more  calcium  in  diabetic  than  in  normal  urine.  Van  Ackeren,  in 
Gerhardt's  wards,  was  the  first  to  carry  out  a  complete  experiment  upon 
the  balance  of  inorganic  constituents  in  a  severe  case  of  diabetes.  In 
1893  I  made  the  following  observations,  but  did  not  publish  them  (271) : 
The  patient  excreted  far  more  P^Os,  CaO,  and  MgO  in  his  urine  and  fsBces 
than  he  took  in  his  food  ;  the  elimination  of  Ffi^  was  considerably  higher 
than  it  should  have  been  to  correspond  with  the  total  nitrogen  excretion. 
It  was  concluded  that  bone  was  bdng  disintegrated.  The  loss  of  calcium 
in  diabetic  acidosis  was  shown  by  some  experiments  of  Gerhardt's  and 
Schlesinger*8  (267),  When  the  daily  intake  of  CaO  was  0*81  gramme,  and 
the  diet  was  constant,  a  healthy  man  excreted  0*620  gramme  of  CaO,  a 
diabetic  patient  1*127  grammes.  The  corresponding  figures  for  MgO 
were  0*312  gramme  and  0*605  gramme,  the  intake  in  each  case  being 
0*31  gramme.  The  administration  of  20  grammes  of  sodium  bicarbonate 
per  diem  hardly  altered  the  total  calcium  excretion,  but  caused  a  great 
change  in  the  proportions  present  in  the  urine  and  in  the  faeces  respec- 
tively. Whilst  the  alkali  was  being  given,  46*8  per  cent,  of  the  CaO  was 
excreted  in  the  urine ;  when  no  alkali  was  administered,  the  CaO  in  the 
urine  was  76*1  per  cent,  of  the  whole.  The  results  obtained  by  von 
Limbeck,  Tenbaum,  and  W.  von  Moraczewski  agree  with  those  of  van 
Ackeren,  Gerhardt,  and  Schlesinger.  Dengler,  working  in  my  wards, 
carried  out  some  experiments  which  showed  that  the  administoation  of 
calcium,  but  not  of  sodium,  can  stop  the  loss  of  calcium  in  diabetic  acidosis 
for  some  time.    When  there  is  no  acidosis,  the  calcium  metabolism  of 


METABOLISM  IN  DIABETES  MELLTTUS  601 

diabetic  patients  is  the  same  as  that  of  ordinary  people  [Qaethgens 
(273)]. 

Although  calcium  and  magnesium  thus  drain  away,  the  body  does  not 
contain  a  smaller  proportion  of  bases  than  it  should ;  for,  as  van  Ackeren 
found,  phosphoric  acid  is  excreted  in  excess  along  with  the  earthy  alkalis. 
The  bones  atrophy  as  a  whole.  We  know  nothing  about  the  cause  of  all 
this;  it  is  hardly  conceivable  that  the  action  of  an  acid  will  account 
for  it. 

The  body,  in  proportion  to  its  weight,  has  not  been  shown  to  lose  alkali. 
Perhaps  this  might  turn  out  to  be  otherwise  if  there  were  exact  means  of 
estimating  the  organic  bases ;  in  the  meanwhile  we  can,  by  analysis,  only 
detect  the  increase  in  acid,  not  the  diminution  in  bases. 

The  extent  to  which  the  increase  in  acid  and  the  diminished  alkalinity 
of  the  blood  and  tissues  (acidosis)  is  to  be  blamed  as  the  cause  of  diabetic 
toxsmia  is  not  yet  at  all  clear,  in  spite  of  the  most  painstaking  work 
upon  the  subject.  Magnus-Levy,  relying  upon  Krauss's  (273a)  summary 
of  our  knowledge  upon  the  basic  and  acid  capacity  of  animal  tissues, 
thinks  that  the  excess  of  acid  must  neutralize  basic  side-chains  in  the 
proteid  molecules,  and  may  thus  throw  the  protoplasmic  metabolism 
into  disorder  (236).  When  this  has  gone  on  up  to  a  certain  point,  diabetic 
coma  results,  rapidly  in  some  cases,  gradually  in  others.  The  acidosis 
must  at  least  be  an  important  factor,  seeing  that  the  alkalinity  is  at  its 
very  lowest  in  this  coma ;  and  anybody  who  has  watched  the  wonderful 
effects  of  sodium  bicarbonate  injection  in  such  cases  cannot  but  be  con- 
vinced of  this.  The  good  effects  of  such  infusion  cannot  be  obtained  in 
every  case,  it  is  true,  but  it  is  not  at  all  unconmion  for  patients  to  be 
brought  round  from  the  deepest  coma  by  it.  No  other  therapeutic 
measure  can  produce  the  same  result.  Of  course,  it  by  no  means  proves 
that  the  excess  of  acid  is  the  only  deleterious  factor  leading  to  coma  in 
diabetic  patients  who  are  producing  acetone  bodies.  It  is  improbable 
that  we  already  know  all  the  poisonous  substances  which  may  be  formed 
in  the  body  as  the  result  of  the  anomalies  of  metabolism  in  diabetes ; 
there  is  plenty  of  scope  for  further  research  here.  An  attempt,  for 
instance,  has  been  made  to  explain  the  coma  as  due  less  to  the  quantity  of 
acids  formed  than  to  their  kind.  This  was  led  up  to  by  some  experi- 
ments made  by  Binz  and  Mayer  upon  the  toxic  and  soporific  action  of  the 
lower  fatty  acids,  butyric  and  propionic  (274).  Such  a  soporific  action 
has,  however,  not  been  found  in  the  case  of  /S-oxybutjrric  and  aceto- 
acetic  acids,  which  are  by  far  the  most  abundant  in  diabetes  [Frerichs, 
Albertoni,  von  Jaksch,  upon  aceto-acetic  acid  ;  Araki,  Meyer,  Sternberg, 
Zeehuysen,  upon  i.-jS-oxybutyric  acid ;  Minkowski,  Schwarz,  and  Wald- 
vogel,  upon  L.-jS-oxybutyric  acid  (276)].  Recently,  in  my  own  labora- 
tory, Wilbur  (277)  made  some  experiments  upon  rabbits,  and  found  that, 
even  after  complete  neutralization,  jS-oxybutyric  acid  exerted  a  toxic 
influence  upon  the  central  nervous  system  quite  independentiy  of  any 
increase  in  acidity  or  diminution  in  alkali.  These  questions  can  only  be 
settled  by  future  research  ;  at  present  we  can  only  say  that  the  doctrine 
that  diabetic  coma  is  due  solely  to  an  acid  intoxication  is  not  quite  satis- 
factory. 
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VI.— UPON  VARIOUS  FEATURES  OP  THE  URINE  IN 
DIABETES. 

Much  that  might  oome  under  the  above  heading  has  akeady  been  dis- 
cuflsed  elsewhere.  Other  points  require  to  be  but  shortly  dealt  with  here, 
since  they  are  mainly  of  clinical  interest,  and  are  fully  treated  of  in  text- 
books of  special  pathology. 


A.— THE  QUAHTITT  AND  THE  SPECIFIC  6RAVITT  OF  THE 

URDTB. 

The  quantity  of  water  is  usually  greater  the  more  sugar  there  is. 
Sugar  is  a  diuretic.  The  blood  and  tissues  become  depleted,  and  in- 
creased thirst  results.  The  polydipsia  is  obviously  a  secondary  pheno- 
menon ;  it  almost  always  disappears  when  the  glycosuria  is  controlled  by 
dieting.  A  few  diabetic  patients  continue  to  drink  copiously,  even  after 
the  glycosuria  has  diminished  or  ceased ;  these  naturally  continue  to 
excrete  large  quantities  of  water.  Upon  a  free  diet,  containing  unlimited 
carbohydrate,  there  may  be  10  litres  of  urine  per  diem,  and  5  to  6  litres 
occur  quite  commonly. 

Nevertheless,  there  are  great  individual  differences  between  the 
relative  quantities  of  water  and  of  sugar.  In  most  patients,  however, 
who  are  left  to  drink  as  much  or  as  little  water  as  they  please,  the  quantity 
of  urine  obviously  rises  or  falls  according  as  more  or  lees  sugar  is  being 
eliminated.  The  sugar  and  the  specific  gravity  curves  show  steeper 
gradients  than  do  those  of  the  quantity  of  water.  In  diabetes,  unlike 
any  other  disease,  the  more  the  urine  the  higher  is  its  specific  gravity. 
Exceptions  there  are,  of  course,  but  the  following  figures  are  based  upon 
the  averages  of  a  very  large  number  of  cases  : 


QuatUU^  of  Urine. 

SpedfU  Qrawiy. 

^fiflor. 

Cc. 
1,600-2.600 
2,600-4.000 
4.000-6.000 
6.000-10.000 

1026-1030 
1030-1036 
1032-1040 
1036-1046 

PttCent. 
2-3 
3-6 
4-7 
6-9 

There  are  also  exceptions  to  the  rule  that  sugar  has  a  diuretic  action. 
Many  patients,  especially  those  in  advancing  years,  pass  normal  quan- 
tities of  urine,  though  the  glycosuria  may  be  3  to  4  per  cent.  Peter  I^ank 
described  these  cases  long  ago  under  the  name  of  **  diabetes  decipiens." 
My  own  experience  is  that  they  are  commoner  than  the  text-books  would 
have  us  think. 

The  relative  quantities  of  urine  passed  during  the  night  and  during 
the  day  have  been  determined  by  Kiik  with  the  greatest  care.  His 
figures  show  that  the  bulk  is  excreted  during  the  day.    My  own  observa- 
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tions  confirm  this.  We  found,  upon  the  average,  that  two-thirds  of  the 
urine  was  passed  in  the  daytime,  one-third  at  night.  In  this  respect 
the  polyuria  of  diabetes  differs  from  that  of  granular  kidney,  of  convales- 
cence, and  of  heart  failure  treated  by  digitalis ;  in  these  the  nocturnal 
diuresis  is  more  marked  than  that  of  the  daytime  [Quincke  (279)].  This 
peculiarity  in  diabetes  agrees  with  the  fact  that  most  of  the  sugar  is 
eliminated  within  two  to  three  hours  after  a  meal,  cariying  with  it 
increased  quantities  of  water. 

.  The  rapidity  of  the  excretion  of  water  may,  however,  be  less  than  it  is 
in  health.  Pick  put  a  diabetic  and  a  healthy  person  upon  the  same  diet, 
both  as  regards  solids  and  fluids.  The  quantity  of  water  in  the  twenty- 
four  hours'  urine  was  approximately  the  same  in  each,  but  there  was  this 
difference  :  that  the  flow  of  urine  after  drinking  water  set  in  sooner  and 
was  over  more  quickly  in  the  healthy  person  than  in  the  diabetic  (280). 
This,  however,  is  not  the  general  rule  ;  usually  there  is  '^  tachyuria  "  in 
diabetes  mellitus,  just  as  there  is  in  diabetes  insipidus. 

There  is  little  tendency  to  oedema  in  diabetes.  When  cardiac  or  renal 
complications  supervene,  and  when  in  non-diabetics  there  would  almost 
certamly  have  heem  oedema,  in  diabetics  there  is  none.  I  have  therefore 
been  all  the  more  struck  by  the  fact  that  upon  the  ^*  oatmeal  cure  "  I 
have  frequently  seen  considerable  accumulation  of  water  in  the  tissues  as 
oedema.  The  latter  disappeared  on  returning  to  a  diet  free  from  carbo- 
hydrate, when  the  urine  flow  increased  without  any  obvious  change  in 
the  sugar  elimination  ;  and  at  the  same  time,  just  as  in  the  clearing  up  of 
other  forms  of  oedema,  the  night  urine  was  now  in  excess  of  that  passed 
in  the  day. 


B.— HITROGBHOUS  SUBSTAHCBS. 
1.  The  Total  mtrogen. 

See  previous  sections  for  the  total  nitrogen  in  the  urine  and  its 
dependence  upon  the  nitrogen  in  the  food  (p.  669),  upon  the  calorie 
deficit  (pp.  667,  668),  upon  the  amount  of  carbohydrate  in  the  diet 
(p.  669),  and  upon  the  disintegration  of  tissue  proteid  (p.  670). 

2.  The  Proportions  between  the  Different  Nitrogenous  Constituents. 

These  depend  largely  upon  how  much  or  how  little  ammonia  is  being 
excreted. 

(a)  Urea  and  Ammonia. 

When  there  is  no  acidosis,  the  urea  nitrogen  usually  maintains  its 
normal  80  per  cent,  of  the  total  nitrogen,  whilst  the  ammonia  nitrogen  is 
6  to  6  per  cent.  (281).  When  protein  is  given  abundantly,  the  absolute 
amount  of  ammonia  rises.  In  the  absence  of  acidosis,  moreover,  the 
relation  between  total  nitrogen  and  ammonia  nitrogen  is  the  same  in 
diabetes  as  in  health,  and  is  remarkably  constant  [Schittenhelm  and 


604 


THE  PATHOLOGY  OP  METABOLISM 


KatzeiiBtein  (282)].  It  is,  however,  possible  that  pushing  the  proteid 
may  increase  the  ammonia  relatively  as  well  as  absolutely,  as  the 
following  example  shows  : 

The  diabetes  was  moderately  severe.  Throughout  the  observations 
the  diet  was  the  same  (strict +  60  grammes  of  white  bread),  with  the 
addition  of  200  grammes  of  meat  (raw  weight)  and  two  eggs  during  the 
middle  period.    There  was  no  ferric  chloride  reaction. 


Dai,, 

Total 

Niirogen. 
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Ifiifoytn* 

Ammoma 

S^igar. 

DieL 

I 
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4 

6 
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16-1 

2(H) 
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17-1 
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0-93 
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1-88 

1-16 

Peroral 
81-7\ 
81-7/ 

78-2\ 
78-2/ 

80-6 

ParOenl 
S-8 

8-0 
6-7 

Gm. 
/22 
124-3 

/30-1 
128-9 

21-8 

r+200  grammfis 
meat  and  two 

With  increasing  acidosis,  provided  fixed  alkali  be  not  administered 
therapeutically,  the  absolute  and  relative  quantity  of  ammonia  nitrogen 
is  increased,  so  that  it  may  be  used  as  a  measure  of  the  acidosis.  It  is 
not  unusual  to  find  the  ammonia  to  be  20  to  25  per  cent,  of  the  total 
nitrogen  (283).  It  is  rare  to  find  the  proportion  higher  than  this  when  the 
proteid  metabolism  is  kept  moderately  high,  the  total  urinaiy  nitrogen 
being  18  grammes  or  more.  Camerer  mentions  35  per  cent,  of  ammonia 
nitrogen  in  one  instance ;  I  myself  once  found  as  much  as  45  per  cent. 
On  the  other  hand,  when  the  proteid  food  is  systematically  restricted,  as 
may  be  essential  in  the  treatment  of  the  case,  the  resultant  acidosis  may 
be  more  severe,  and  the  ammonia  may  be  increased,  as  in  the  following 
examples : 


Unud  atria  Diet 

Ve9eial>leafid  Fat  Diet 

Caw. 

(18-22  Chn,  Nitrogen). 

(5-6  Gm.  Nitrogen). 

N. 

NH,-N. 

NH,-N. 

N. 

NH,-N. 

NH,-N. 

Om. 

Gm. 

FerCeDl 

Gm. 
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1 
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3-1 

16-3 

6-2 

3-3 

63-4 

2 
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2-9 

16-4 

3-4 

2-3 

67-7 

3 

17-6 

4-0 

23-0 

4-2 

2-8 

66*6 

No  one  has  yet  succeeded  in  replacing  absolutely  all  the  urea  by 
ammonia,  either  in  experimental  acid  poisoning  or  in  the  worst  stages  of 
diabetic  acidosis.  For  further  discussion  of  the  subject,  see  pp.  507 
and  598. 


(6)  Purin  Bodies. 

Of  all  the  other  nitrogenous  constituents  of  the  urine,  the  uric  acid 
has  been  chiefly  investigated.    The  old  teaching,  that  uric  acid  is  dimin- 
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iahed  in  diabetes,  has  long  been  given  up.  It  was  based  upon  analyses 
made  by  the  unreliable  Heinz  method  (284).  The  most  recent  researches 
afford  statistics  which  show  that  the  uric  acid  and  the  other  purin  bodies 
bear  their  normal  relation  to  the  quality  and  quantity  of  the  food 
[Bisohofswerder,  Jacoby,  Bichter,  Mandel,  and  Lusk].  The  exhibition  of 
food  that  is  rich  in  purin  bases  sends  up  the  excretion  of  purin  bodies 
acutely,  just  as  it  does  in  health.  For  example,  in  a  case  of  Liithje's, 
the  uric  acid  rose  to  5-38  and  6-70  grammes  after  the  administration  of 
1,250  to  1,600  grammes  of  pancreas  (286).  Laquer  (287)  made  similar 
observations  after  giving  "  Wuk  "  (yeast-extract) — ^for  example  : 

Before  gxTing  "  Wnk  "  the  niio  acid  was  0'738  gramme. 
Whilst  giving  *'  Wnk  "  the  nrio  acid  was  1*222  grammes. 
After  oeasing  to  give  '*  Wuk  "  the  nrio  add  was  0-702  gramme. 

Laquer  records  similar  figures  from  healthy  persons. 

In  order  to  determine  whether  or  not  a  diabetic  patient  excretes 
abnormally  large  or  abnormally  small  quantities  of  uric  acid  and  purin 
bases,  either  as  a  rule  or  under  any  particular  conditions,  it  is  necessary 
to  put  him  upon  a  purin-free  diet,  so  tiiat  only  endogenous  purins  appear 
in  the  urine.  Then,  with  certain  reservations  {vide  chapter  upon  (3out), 
it  is  possible  to  draw  deductions  as  to  his  metabolism  of  nucleins,  and  an 
additional  value  is  given  to  an  investigation  of  his  uric  acid  excretion. 

My  former  assistants,  Mohr  and  Kaufmann  (288),  carried  out  some 
work  upon  these  lines,  and  found  : 
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Slight  diabetes 

Severe      t> 

»>          »ff                •  * 
»»        "  »f                •  • 
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»f                   4       M 

ft            ^     f» 
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I  have  had  very  large  numbers  of  uric  acid  investigations  made  in 
diabetics  upon  purin-free  diets.  In  milder  cases  the  figures  without 
exception  have  corresponded  to  those  of  health — ^that  is  to  say,  the 
uric  acid  in  the  urine  was  between  0-36  and  0*45  gramme.  This  was  also 
the  case  in  many  patients  whose  glycosuria  was  severe,  both  with  and 
without  acidosis.  In  a  few  cases,^  however,  the  figures  for  the  endo- 
genous uric  acid  were  considerably  higher  than  normal — i.e.,  from 
0*75  to  0-95  gramme  as  an  average  for  four  or  five  days ;  in  all  cases  purin- 
free  diet  was  begun  several  days  before  the  estimations  were  started. 
Unlike  Mohr  and  Kaufmann,  we  made  sure  that  tiie  calorie  value  of  the 
food  was  enough,  or  more  than  enough,  to  cover  all  the  patient's  needs. 
All  the  cases  were  in  the  downhill  stage.    With  greater  certainty  than 

^  In  one  case  recently  under  observation  upon  a  pnrin-free  diet  for  six  dajrs  the 
fignres  for  the  purin  nitrc^^  were  0'28,  0'36,  0*19,  0'31,  0'31,  0*34  gramme. 
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was  possible  for  Mohr  and  Kanfmann  to  do,  I  should  now  like  to  express 
my  opinion,  based  upon  the  above  analyses,  that  in  severe  diabetes 
there  is  often  a  great  disintegration  of  tissues  which  yield  purin  bodies 
(nuclei).  I  segard  this  as  due  to  tozines.  It  does  not  run  psjrallel  with  the 
usual  toxic  destruction  of  protein  ;  at  least,  I  have  been  repeatedly  con- 
vinced that  the  general  nitrogen  balance  of  the  body  may  improve 
simultaneously  with  an  increased  excretion  of  nuclein  derivatives  [von 
Noorden  (289)].  I  found  no  pathological  alteration  in  the  relation 
between  uric  acid  and  the  other  bases.^ 


(c)  Creatinin. 

Creatinin  is  increased  in  diabetic  urine  up  to  2  granmies  per  diem. 
This  has  long  been  known,  and  often  confirmed  (290).  It  readily  follows 
from  the  conditions  of  nitrogenous  metabolism  in  diabetics.  The  patient 
eats  a  great  deal  of  meat,  and,  besides  this,  under  certain  circumstances, 
breaks  down  his  own  muscle  substance.  He  does  not  excrete  more 
creatinin  than  does  a  healthy  man  upon  a  purely  meat  diet  [2-163  grammes 
according  to  6.  Bunge  (291)].  When  the  patient  takes  food  that  contains 
little  creatinin,  the  figures  are  naturally  less  [Winogradow,  Stopezansky, 
Senator  (292)]. 

Folin  (293)  has  recently  shown  that  the  creatinin,  just  like  purins,  in 
the  urine  has  both  an  endogenous  and  an  exogenous  component ;  the 
former  exhibits  variations  in  different  individuals,  but  is  very  constant 
in  any  given  healthy  man.  It  would  be  extremely  interesting  to  know 
whether  or  not  the  endogenous  creatinin  of  diabetics  ever  shows  consider- 
able variations  from  the  normal  0*4  to  0*6  gramme  per  diem. 


(d)  Hippurie  Acid. 

It  was  in  diabetic  urine  that  hippurie  acid  was  first  discovered  in  man. 
The  observation  was  made  by  Lehmann  (294),  and  many  others  have 
agreed  with  him  that  it  may  be  abundant,  and  readily  demonstrated  in 
diabetes  [Bouchardat  (296)].  Protein  putrefaction  in  the  intestine  is  the 
source  of  part  of  the  hippurie  acid.  Diabetics  often  eat  freely  of  albumi- 
nates which  can  give  rise  to  benzoic  acid.  As  a  rule,  they  also  consume 
quantities  of  green  vegetables,  likewise  a  source  of  benzoic  acid.  In  the 
analyses  available  no  attention  has  been  paid  to  the  nature  of  the  diet. 
We  must  wait  for  further  observations  which  include  this  point  before  we 
can  say  that  excretion  of  excess  of  hippurie  acid  is  a  characteristic 
anomaly  of  diabetic  metabolism.  In  one  case,  given  by  Lewin  (296), 
the  quantity  was  0*24  gramme  per  diem,  an  amount  which  this  author  has 
also  found  in  healthy  people. 

^  The  nnmerong  eBtimatioDS  of  the  aUoxurio  bodies  in  diabetic  urine  made  bv  the 
Kroger- Wolff  method  are  too  onreliabie  to  be  of  valne  (see.  lor  example,  the  works  of 
M.  Jaooby,  Bischo&werder,  and  Bichter). 
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(e)  BeMual  Nitrogen. 

After  aUowing  for  the  urea,  ammonia,  purin  bodies,  oreatinin,  and 
hippuric  acid,  there  still  remains  some  nitrogen  in  a  nmnber  of  other  sub- 
stances whose  nature  and  proportions  are  as  little  understood  in  diabetes 
as  they  are  in  health.  Li  one  case  of  Jacobi's,  suffering  from  severe 
diabetes  with  an  average  nitrogen  excretion  of  19*6  grammes,  there  was 
6*5  per  cent,  of  residual  nitrogen.  In  a  similar  case  of  Mandel  and  Lusk's 
the  residual  nitrogen  formed  14-3  per  cent,  of  the  total  20-7  grammes 
nitrogen  per  diem  (285).  In  my  own  wards  three  cases  of  severe  glyco- 
suria and  acidosis,  whose  diet  was  free  from  carbohydrate,  had  9*7, 10-2, 
and  10*7  per  cent,  of  residual  nitrogen  respectively,  after  deduction  of  the 
nitrogen  present  as  urea,  ammonia,  and  purin  bodies. 


(/)  Amido-acids. 

Many  investigations  have  been  recently  carried  out  upon  the  question 
whether  or  not  abnormal  quantities  of  amido-acids  appear  in  the  urine 
in  diabetes  mellitus.  The  study  of  amido-acid  excretion  is  full  of  promise 
as  a  means  of  demonstrating  those  qualitative  changes  in  protein  kata- 
bolism  which  probably  play  a  greater  part  in  diabetes  than  we  have  been 
able  to  measure  hitherto. 

Some  observers  are  satisfied  with  determining  the  so-called  '*  amido- 
acid  fraction  "  of  the  urine—that  is  to  say,  the  nitrogen  which  is  not  pre- 
cipitated by  phospho-tungstio  acid  after  deducting  the  urea  nitrogen. 

The  estimation  of  this  nitrogen  fraction  is  particularly  difficult  in 
diabetic  urine,  because  the  presence  of  sugar  prevents  the  estimation  of 
the  urea  by  the  Pfliiger-Schondorf  method  [Landau,  Momer  (297)].  On 
this  account,  von  Jaksch's  statement  that  the  monamido-acids  are  in- 
creased in  diabetes  loses  its  foundation. 

The  Momer-Sjoqvist  method  is  here  preferable,  although  some  work 
done  by  Satta  (298)  in  my  laboratory  renders  it  probable  that  this  process 
includes  a  portion  of  the  amido-acids  with  the  urea.  Satta  found  no 
constant  change  from  normal  in  the  amido-acids  in  the  urine  of  a  diabetic 
man,  or  in  that  of  a  dog  without  a  pancreas. 

Emil  Fischer  and  P.  Bergell  (299)  introduced  the  jS-naphthalin- 
Bulpho-ohloride  process,  by  which  it  is  possible  to  employ  a  direct  test 
for  the  presence  of  amido-acids ;  this  has  been  largely  applied  to  diabetic 
urines  lately. 

Abderhalden  (300),  using  the  )3.naphthalin-sulpho-chloride  test,  found 
tyrosin  in  moderate  quantity  in  the  urine  of  a  patient  suffering  from 
arterio-sclerosis,  myocarditis,  and  diabetes. 

Mohr  (300)  isolated  j3-naphthalin-sulpho-glycocoll  from  the  urine  in 
several  cases  of  diabetes,  but  not  in  any  greater  quantity  than  Embden 
and  Reese  (300)  had  already  found  it  in  healthy  urines  in  my  laboratory. 

It  is  nothing  but  a  supposition  on  Mohr's  part  when  he  considers  that 
after  feeding  a  dog  suffering  from  pancreatic  diabetes  with  d-leucin,  the 
nitrogenous  substance  which  appeared  in  the  urine  was  leucin-tripeptide. 

VOL.  m.  39 
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Just  as  Abderhalden  and  Mohr  found  amido-acida  apparently  pre- 
formed  in  the  urine  in  their  cases,  so  Bergell  and  Blumenthal  (300)  were 
able  to  show  with  seeming  probability  that  peptoid  substances  may  occor 
in  the  urine  of  dogs  after  ablation  of  the  pancreas.  The  question  at  once 
arises  how  far  this  may  be  due  to  the  absence  of  trypsin,  or  how  far  it  is 
to  be  attributed  to  a  specific  disorder  of  metabolism  in  diabetes.  This 
question  cannot  yet  be  answered. 

The  urine  of  Bergell  and  Blumenthal's  dogs  contained  a  substance 
which  was  unlike  tyrosin  and  like  certain  peptoids,  in  that  it  gave  a  strong 
Millon^s  reaction  in  the  cold.  When  the  urine  extract  was  treated  with 
strong  hydrochloric  acid,  which  converts  peptoids  into  amido-acids, 
they  succeeded  in  isolating  tyrosin  as  a  naphthaUn-sulpho-compound. 

These  same  observers  (301)  tell  us  of  another  interesting  point — 
namely,  the  peculiar  results  of  giving  an  inactive  alanin  preparation  to  a 
diabetic  patient  in  coma. 

Plant  and  Reese  (300),  working  in  my  laboratory,  showed  that  after 
giving  inactive  alanin  to  a  healthy  person,  {-alanin  appeared  in  the  urine. 
Bergell  and  Blumenthal,  in  their  case  of  diabetic  coma  (301),  gave 
doses  of  15  grammes  of  t-alanin  at  a  time,  and  recovered  from  the  urine 
a  naphthalin-sulpho-alanin,  part  at  least  of  which  consisted  of  the 
natural  dextro-rotatory  variety. 

In  a  case  of  severe  diabetes,  investigated  in  my  laboratory,  the  amount 
of  naphthalin-sulpho-amido-acid  recovered  from  the  urine  was  no  greater 
than  that  found  in  a  healthy  case.  On  two  consecutive  days  it  amounted 
to  2*66  and  2*41  grammes. 

It  will  be  seen  that  we  know  ahnost  nothing  about  the  amido-aoid 
excretion  in  diabetes  ;  a  thorough  investigation  of  the  matter  is  much  to  be 
desired. 

(g)  AUmminuria, 

The  published  statistics  upon  the  occiurrence  of  albuminuria  in  diabetes 
are  abundant,  and  show  that  some  25  to  35  per  cent,  of  all  diabetics 
have  either  temporary  or  permanent  albuminuria.  Slight  and  severe 
forms  of  the  disease  are  affected  almost  equaUy  in  this  respect.  For 
complete  summaries  of  the  statistics,  and  of  attempts  to  arrange  the 
albuminuric  cases  into  definite  groups,  see  (302). 

Nephritis,  parenchymatous  or  interstitial,  is  a  by  no  means  uncommon 
complication  of  diabetes,  but  is  not  as  frequent  as  is  albuminuria.  All 
clinicians  are  unanimous  in  the  view  that  diabetic  albuminuria,  variable 
as  it  is,  and  often  only  slight,  can  be  attributed  to  true  nephritis  in  com- 
paratively few  cases.  It  is  more  than  doubtful  whether  the  slight  hyaline 
degeneration  of  the  epithelium  found  post-mortem  can  account  for  an 
albuminuria  which  may  have  lasted  for  years.  In  the  absence  of 
anatomical  changes  in  the  kidney,  the  albuminuria  of  diabetics  is  often 
described  as  "  functional."  Possibly  the  functions  of  the  kidney  become 
upset  by  the  enormous  demands  made  upon  them  in  the  elimination  of 
water,  nitrogenous  substances,  and  sugar.  It  has  also  been  suggested 
that  acetone  bodies  may  damage  the  kidneys,  and  render  them  more 
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permeable  to  albumin.  The  results  of  experiments  upon  animals  have 
led  to  conflicting  conclusions  upon  this  point  [Albertoni,  Pisenti,  von 
Jaksch,  Dreschfeld,  positive ;  Baginsky,  Schwarz,  Buschhaupt,  negative 
(303)].  It  is  hardly  right  to  r^ard  the  results  of  experimental  excretion 
in  animals,  lasting  but  a  short  time,  as  parallel  with  the  action  of  patho- 
logical factors  in  man,  lasting  months  and  years.  The  factors  which  may 
lead  to  albuminuria  in  diabetes  are,  theoretically,  so  numerous  that  it  is 
a  matter  of  embarrassment  to  pick  out  any  pi^icular  one  as  more  im- 
portant than  the  rest  [Schupfer  (304)].  The  albuminuria  often  disappears 
when  one  succeeds  in  alleviating  the  glycosuria  and  in  improving  the 
general  condition  of  the  patient  by  suitable  dieting.  This  shows  that 
the  renal  disorder  which  leads  to  the  albuminuria  is  often  an  immediate 
consequence  of  the  diabetes ;  it  comes  into  direct  line  with  the  other 
degenerative  changes  in  the  viscera  of  diabetic  patients.  Under  proper 
diet  the  albuminuria  often  disappears  simultaneously  with  the  cure  of 
amblyopia,  neuritis,  furunculosis,  pruritus,  and  so  on.  Last  year  I  saw 
nine  such  cases.  It  has  often  been  maintained  that  strict  diet  increases 
the  albuminuria,  and  that  the  presence  of  albumin  is  a  contra-indication 
to  such  dieting,  but  this  is  not  my  own  experience.  It  only  holds  good  in 
cases  complicated  by  actual  nephritis. 

The  so-called  "  coma  casts  *'  must  be  mentioned  here.  They  were  first 
noticed  by  Ebstein  (305),  and  were  studied  again  later  by  Kiilz  and  his 
pupils  (306).  Aldehoff  found  them  in  every  case  of  diabetic  coma  he 
examined.  Other  authors  agree  with  this  (307).  Naunyn  (308)  could 
not  always  find  them ;  I  myself  have  looked  for  them  in  a  very  large 
number  of  cases  of  diabetic  coma,  and  have  only  failed  to  find  them  once. 
These  casts  have  a  certain  prognostic  significance,  in  that  they  frequently 
appear  just  before  the  coma,  and  serve  as  an  alarm  signal.  Their 
appearance,  however,  is  not  absolutely  restricted  to  the  period  of  threat- 
ened or  actual  coma.  Aldehoff  and  Bumpf  described  cases  where  they 
occurred  whenever  the  diet  was  very  strict,  but  disappeared  again  when 
carbohydrate  was  allowed.  This  may  have  been  accidental.  We  have 
looked  for  them  in  vain  both  in  mild  and  in  severe  cases  when  the  patients 
were  upon  the  strictest  diet.  In  other  cases  we  have  seen  them  appear 
and  disappear  again  in  a  few  days  without  any  apparent  cause,  and 
without  any  direct  relationship  with  the  quantity  of  oxybutyric  acid  in 
the  urine.  Up  to  the  present  they  have  never  been  found  where  there  is 
no  acidosis.  Kiilz  and  his  followers,  and  Waldvogel,  have  on  this  account 
expressed  their  conviction  that  these  casts  result  from  the  action  of  acids. 
There  seems  a  likelihood  that  this  view  may  be  true,  but  it  is  not  possible 
to  state  it  as  a  definite  fact.  The  casts  have  nothing  to  do  with  the  inten- 
sity of  the  albuminuria ;  on  the  contrary,  they  are  often  present  when  the 
albumin  can  only  just  be  detected  by  the  most  delicate  tests. 

(h)  Ferments. 

Leo  found  an  increase  in  the  diastase  in  diabetic  urine,  and  there 
was  more  in  severe  than  in  mild  cases.  The  absolute  quantity 
seemed  to  bear  no  relation  to  the  amount  of  sugar  excreted.    Bendersky's 

3»— 2 


610  THE  PATHOLOGY  OF  METABOLISM 

results  were  similar.  Stadelmann  did  some  work  which  showed  that 
pepsin  might  be  abundant.  We  have  no  knowledge  as  to  why  these 
ferments  should  be  present.  The  matter  has  been  fully  discussed  by 
Grutzner  (309). 


See  p.  572  ei  seq. 
See  p.  686  ei  aeq. 


3.  Nitrogen-tree  Substances. 

(a)  Suffar. 

{b)  AceUme  Bodies. 
(e)  Laeiic  Add. 


This  occurs  in  the  blood  and  in  the  urine  in  other  pathological  con- 
ditions, and  in  these  may  lead  to  a  considerable  increase  in  the  excretion 
of  ammonia,  but  in  diabetes  it  falls  quite  into  the  background.  Bou- 
ohardat  (310)  states  that  he  has  often  detected  it  in  diabetes,  but  his 
method  was  not  suitable  for  the  identification  of  lactic  acid  with  certainty. 
I  have  been  unable  to  find  any  more  recent  and  reliable  reports.  It  may 
be  mentioned  that  Minkowski  (310)  isolated  the  acid  on  one  occasion  from 
the  blood  at  the  autopsy  upon  a  patient  who  had  died  in  coma  ;  but  post- 
mortem findings  do  not  necessarily  show  that  the  acid  was  there  before 
death.  Upon  three  occasions  I  myself  have  looked  with  the  greatest 
care  for  lactic  acid  in  the  urine  of  severe  cases  of  diabetes,  but  each  time 
in  vain. 

It  is  very  desirable  that  researches  upon  the  occurrence  of  lactic  acid 
in  diabetes  should  be  prosecuted  further,  especially  after  the  administra- 
tion of  lactic  acid  or  its  salts  ;  for  lactic  acid  plays  a  large  part  in  the  inter- 
mediate stages  of  carbohydrate  metabolism.  Theoretically,  lactic  acid 
should  be  anabolized  into  carbohydrate,  and  it  is  quite  possible  that  the 
power  to  do  this  is  wanting  in  severe  cases  of  diabetes  [Embden  and  von 
Noorden  (114a)].  In  several  cases  we  found  the  glycosuria  to  be  un- 
altered by  the  administration  of  80  to  100  grammes  of  sodium  lactate 
per  diem  even  when  the  diabetes  was  severe.  Nevertheless,  I  would 
refer  the  reader  again  to  those  few  observations  in  which  the  glycosuria 
was  undoubtedly  increased  (see  p.  559). 


{d)  Lower  Fatty  Adds. 

These  have  often  been  found  increased  in  diabetic  urine,  particularly 
in  severe  cases  in  which  abundant  acetone  bodies  were  being  excreted  at 
the  same  time.  Bumpf  (311)  was  the  first  to  draw  attention  to  this. 
He  described  one  case  of  diabetic  acidosis  in  which  volatile  fatty  acids 
seemed  to  replace  the  ^-oxybutyric  acid.  In  other  cases  of  his  the  vola- 
tile fatty  acids  were  much  increased.  Strauss  and  Philippsohn  (312). 
found  more  than  twice  as  much  volatile  fatty  acid  in  a  case  of  diabetes 
with  constipation  as  they  did  in  a  healthy  person  upon  the  same  diet. 
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The  figures  given  by  Herter  and  Wakeman  (see  table,  p.  626)  are  abo 
abnormally  high. 

The  volatile  fatty  acids  have  been  regarded  as  enterogenous  products 
of  decomposition.  Strauss  and  PhiUppsohn  look  upon  them  as  such. 
They  cannot,  however,  be  brought  into  line  with  tiie  aromatic  con- 
stituents of  the  urine  of  intestinal  origin,  for  they  are  probably  derived 
from  the  carbohydrate  in  the  bowel,  or  perhaps  from  the  higher  fatty 
acids,  rather  than  from  protein.  The  greater  part  is  quickly  oxidized 
by  the  tissues  into  CO,  and  H^O  ;  a  small  residue  may  appear  in  the  urine. 
The  volatile  fatty  acids  may,  however,  be  derived  from  other  sources. 
They  arise  during  aseptic  autolysis  of  viscera  [Magnus*Levy  (313)],  and 
play  an  important  part  in  the  formation  of  acetone  bodies  from  higher 
fatty  acids,  as  Magnus-Levy  said  was  possible,  and  as  Mohr  confidently 
asserted  (236). 

The  transfusion  experiments  made  by  Embden,  Salomon,  Schmidt, 
and  Marx  (104a)  throw  light  upon  the  question.  It  has  been  shown 
that  butyric  acid  can  be  oxidized  in  the  body  to  form  jS-ozybutyric  acid. 
Butyric  acid  itself  arises,  as  was  shown  in  the  same  experiments,  from 
all  the  higher  saturated  fatty  acids  with  an  even  number  of  carbon  chains, 
whilst  the  katabolism  of  higher  fatty  acids  whose  number  of  carbon  atoms 
is  uneven  (rare  in  the  animal  economy)  does  not  take  the  route  via 
butyric  acid,  and  therefore  does  not  lead  to  the  production  of  acetone 
bodies  either.  The  work  that  has  been  done  in  my  laboratory  seems  to 
show  that  the  formation  of  acetone  and  allied  substances  from  fatty  acids 
occurs  exclusively  in  the  liver. 

(e)  Oxalic  Acid. 

Gantani  (314)  originated  the  doctrine  that  oxaluria  is  very  frequent 
in  diabetes.  This  view  is  based  upon  microscopical  examinations  of  the 
sediment.  This  method  has  been  shown  to  be  very  unreliable  in  the 
detection  of  an  increase  of  oxalic  acid  ;  even  the  facts  reported  by  Cantani, 
and  confirmed  by  Czapek  (315)  and  Fiirbringer  (316)  are  not  constant. 
I  have  made  microscopical  examinations  of  many  diabetic  urines,  and 
have  found  anything  like  large  quantities  of  oxalates  only  quite  excep- 
tionally, whether  in  slight  or  severe  stages  of  the  disease.  Variations  in 
the  diet  might  well  have  accoimted  for  the  positive  cases. 

Quantitative  estimations  have  been  published  by  Kisch  (317).  The 
amounts  varied  between  5*4  and  14-5  milligrammes  per  litre.  Normal 
controls  showed  15  to  20  milligrammes  per  litre.  The  oxalic  acid  was, 
therefore,  rather  diminished.  My  pupils  Mohr  and  Salomon  (318)  have 
published  some  very  elaborate  and  exact  determinations.  These  were 
made  upon  eleven  cases,  mild  and  severe,  and  have  these  advantages  over 
previous  records :  that  the  quality  and  the  quantity  of  the  food  were 
known,  and  that  the  periods  of  observations  were  long.  Controls  were 
obtained  from  numerous  estimations  in  normal  people  under  the  same 
conditions,  and  upon  exactly  the  same  diet.  The  oxalic  acid  excreted  by 
diabetics  corresponded  exactly  with  the  quantities  found  in  healthy 
individuals  when  the  food  was  the  same  for  both.    The  results  obtained 
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by  Luzzatto  (319)  confirm  this,  though  they  were  mostly  made  for 
single  days  only.  Von  Moraczewski's  figures  also  lie  well  within  normal 
limits  (320). 

It  seems,  therefore,  that  although  we  must  allow  that  a  diabetic 
patient  here  and  there  may  excrete  abnormally  large  quantities  of  oxalic 
acid  [Purbringer,  von  Frerichs,  Senator,  Naunyn,  and  others  (321)], 
nevertheless  there  are  a  sufficient  number  of  exact  statistics  to  prove  that 
increased  excretion  of  oxalic  aoid  is  not  a  characteristic  of  uncomplicated 
diabetes.  Where  it  does  occur,  the  cause  must  be  looked  for  in  the  diet, 
in  complications  with  other  diseases,  and  so  on ;  it  is  impossible  to 
draw  definite  conclusions  until  we  know  more  about  the  biochemical 
and  nosological  significance  of  oxaluria.  Mayer  (322)  recently  expressed 
his  belief  in  Gantani's  original  doctrine — ^namely,  that  diabetic  oxaluria 
depends  upon  incomplete  combustion  of  sugar.  He  says  that  ''  when 
sugar  is  katabolized,  part  of  it  passes  through  the  stage  of  glyouronic 
acid ;  part  of  the  latter  in  its  turn  becomes  oxidized  to  oxalic  acid." 
These  and  other  conclusions  of  Mayer's  seem  to  me  to  be  going  much 
further  than  is  justified  by  the  facts  we  have  before  us  at  present. 


4.  Inorganic  Constituents  of  Urine. 
(a)  Pneumaturia. 

In  rare  cases  of  diabetes  the  development  of  gas  in  the  bladder  has 
been  observed  [Guiard,  Dum^nil,  Thomas  (323)].  Miiller  (324)  was  the 
first  to  analyze  the  gas  in  such  a  case,  and  found  it  to  be  mostly  hydrogen 
and  nitrogen,  with  a  little  carbon  dioxide  and  traces  of  methane.  This 
is  similar  to  what  is  foimd  in  the  gas  produced  by  butyric  acid  fermentation 
of  sugar.  The  nitrogen,  Miiller  supposes,  had  diffused  from  the  blood. 
In  a  later  case  Senator  (323)  found  the  gas  to  be  mainly  carbon  dioxide, 
due  to  alcoholic  fermentation  of  the  sugar  by  yeast  which  had  entered  the 
bladder.  Schmitz  (326)  appears  to  have  seen  a  case  of  this  also.  In 
one  case  of  my  own  the  gas  was  carbon  dioxide,  and  the  yeast  cells  were 
detected.  Another  case  I  only  saw  once  in  consultation,  and  the  nature 
of  the  gas  was  not  determined. 

Pneumaturia  is  no  specific  disorder  of  metabolism ;  it  is  merely  an 
accidental  complication  dependent  upon  infection  of  the  bladder.  The 
variety  of  gas  formed  will  depend  entirely  upon  the  kind  of  infecting 
organism.  Pneumaturia  is  more  liable  to  occur  in  diabetics  than  in  other 
patients,  because  sugar  is  more  liable  than  any  other  urinary  constituent 
to  produce  gas  as  a  result  of  bacterial  infection. 

(b)  The  Ash. 

There  are  plenty  of  statistics  upon  the  excretion  of  inorganic  con- 
stituents, but  we  are  able  to  draw  but  little  definite  conclusion  from  them. 
As  a  rule,  the  quantity  is  greater  than  in  health  ;  this  is  fully  explained 
by  the  greater  intake  of  food.     The  SO,  and  Ffi^  are  particularly 
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increased  owing  to  the  increased  consumption  of  meat  and  eggs,  and 
in  some  oases  owing  to  the  pathological  disintegration  of  tissue  protein 
also.  Figures  such  as  4  to  6  grammes  for  each  of  these  acids  are  there- 
fore not  unusual.  Broadly  speaking,  the  natural  parallelism  between 
them  and  the  nitrogen  is  maintained ;  Gaehtgens*  comparative  estimations 
in  a  healthy  man  and  in  a  diabetic  patient  show  this.  Kiilz  confirmed 
the  fact  (326). 

Sulpkuric  Add. — ^Mandel  and  Lusk's  experiments  (285)  showed  that 
for  every  100  grammes  nitrogen  the  SOg  upon  six  consecutive  days 
amounted  to  140,  160,  16-4,  15*3,  15*4,  16*7  grammes.  The  figures  are 
normal. 

Some  authors  incline  to  think  that  the  neutral  sulphur  is  increased  in 
diabetic  urines.  Reale  and  Velardi  (327)  found  30*5  per  cent,  of  the 
sulphur  to  be  in  neutral  combination  in  health.  In  diabetics  their  figures 
lay  between  39  and  61  per  cent.,  sinking  considerably  when  the  glycosuria 
was  checked  by  limitation  of  the  carbohydrate  food.  On  the  other  hand, 
Hamack  and  Kleine  (328)  found  19*41  and  19*40  per  cent,  to  be  the 
limit  in  diabetes ;  whilst,  using  precisely  the  same  methods,  they  found 
19  to  24  per  cent,  in  health.  At  present,  therefore,  we  can  give  no  definite 
decision  in  regard  to  the  neutral  sulphur  in  diabetic  urine. 

Phosphoric  Add. — ^The  matter  is  different  in  the  case  of  phosphoric 
acid.  When  there  is  no  acidosis,  the  relation  between  total  nitrogen  and 
P2O5  has  always  been  found  normal  (329).  In  cases  of  acidosis,  however, 
the  P2O5  goes  up,  so  that  for  each  100  grammes  of  nitrogen  there  were, 
upon  the  average : 

18-2  parts  of  PA  [Gerhardt  and  Sohleaixiger  (267)]. 
201      „  „    pnmpf(330)]. 


190     „ 


[Mandel  and  Lnsk  (285)]. 


The  normal  proportion  should  be  100  to  12*5  upon  the  same  protein 
diet.  On  administering  alkali,  the  P2O5  begins  to  fall  behind  the  nitrogen 
in  diabetes  as  in  health.  In  Gerhardt's  and  Schlesinger's  case 
20  grammes  of  sodium  bicarbonate  reduced  the  proportion  to  100  :  14*8. 
In  a  patient  of  mine  who  had  marked  acidosis  the  average  figures  for 
four-day  periods  were : 


Nitrogen. 

PA. 

Batio. 

Without  iilkftii            

With  20  grammes  sodium  bicarbonate 
With  20  grammes  calcium  carbonate 
Without  alkali           

Om. 
18-1 
17-4 
18-7 
19-1 

Gm. 
3-62 
2-85 
2*58 
3-63 

100:20-0 
100 :  16-3 
100 :  13-8 
100 :  19-0 

We  have  already  discussed  the  significance  of  the  high  P2O5  figures  in 
diabetic  acidosis.  The  excretion  of  calcium  and  magnesium  is  mentioned 
in  the  same  place. 

Chlorides. — ^As  regards  the  chlorides,  there  are  great  individual  varia- 
tions [KiilZy  Tenbaum,  von  Moraczewski  (331)].    The  sodium  chloride 
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often  rises  with  the  nitrogen  to  high  figures,  such  as  30  grammes  and 
more  ;  it  is  seldom  below  normal.  Different  diabetics  take  different  quan- 
tities of  salt  with  their  food.  No  conclusions  other  than  these  are  to  be 
gathered  from  the  facts  observed. 

It  would  be  extremely  interesting  to  know  the  exact  balance  of  the 
inorganic  constituents  in  diabetic  patients.  It  is  still  an  open  question 
as  to  how  far  the  abnormal  production  of  acid  leads  to  a  "  demineraliza- 
tion  '*  of  diabetics,  and  as  to  what  constituents  are  affected.  All  re- 
searches hitherto  have  concerned  themselves  only  with  the  relations 
between  acids  and  bases  in  the  excreta.  Except  for  ccJcium  and  phos- 
phoric acid,  no  experiments  have  been  done  in  which  the  inorganic  con- 
stituents of  the  ingesta  have  been  analyzed  at  the  same  time. 


Vn.— THE  BLOOD. 

1.  The  Water  in  the  Blood. 

The  factors  concerned  in  the  concentration  of  the  blood — ^water, 
hsemoglobia,  red  corpuscles,  protein — show  no  typical  changes  in  diabetes. 
The  numerous  statistics  proving  this  are  cited  under  (332).  The  red  cells 
in  bad  cases,  just  before  the  onset  of  coma,  are  said  to  have  an  increased 
resistance  to  hypotonic  salt  solution,  possibly  an  important  point  in 
prognosis  [Jakuschewsky  (333)].  In  the  milder  cases  Meyer  (334)  found 
an  increase  in  the  eosinophile  cells — 4-7  to  6-26  per  cent.,  instead  of  the 
normal  0-5  to  4  per  cent.  Though  normal  as  a  rule,  the  hsemoglobin, 
blood-corpuscles,  and  serum  protein  may  diminish  much  more  quickly 
than  in  non-diabetic  persons  when  complications  arise,  or  when  any 
factor  is  at  work  leading  to  ansBmia  [L6corch6  (335)].  On  the  other 
hand,  considerable  concentration  of  the  blood  has  been  observed  in  the 
terminal  stckge.  This  fact  was  pointed  out  by  Leichtenstem  (332),  and 
has  recently  been  again  brought  forward  by  Rumpf  (336)  as  of  great  im- 
portance in  explaining  the  coma.  In  one  comatose  patient  he  foimd  only 
73-26  per  cent,  of  water  in  the  blood,  the  normal  being  78-9  per  cent. 
In  another  case  the  blood  at  the  autopsy  contained  the  normal  per- 
centage (?  as  the  result  of  saline  infusion),  but  the  viscera,  particularly 
the  liver,  spleen,  and  brain,  were  6  to  6  per  cent,  under  their  normal 
percentage  of  water.    In  my  wards  three  cases  of  diabetic  coma  showed  : 

PereenUiffe  of  Water  in  the  Blood. 

Before  saline  infusion 79'3    78*7    80*1 

Beforedeath        779    766    767 

In  one  patient  who  was  hovering  on  the  brink  of  coma  for  eight  days 
the  percentckge  of  water  in  the  blood  two  days  before  coma  actually  set 
in  was  78-2,  and  about  twelve  hours  after  unconsciousness  was  complete 
(three  hours  before  death)  it  was  76*3  per  cent.  The  patient  had  been 
eating  and  drinking  whatever  he  wished,  and  was  given  60  grammes 
of  sodium  bicarbonate  daily  from  the  time  the  threatening  s3rmptoms 
appeared,  so  that  his  urine  was  strongly  alkaline.    In  this  case,  therefore, 
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coma  came  on  when  the  blood  contained  the  normal  percentage  of  water. 
Magnus^LeYy  (337)  also  gives  figures  which  show,  contrary  to  Rumpf  s 
theory,  that  concentration  of  the  blood  is  not  an  essential  factor  in  coma. 
It  no  doubt  gives  additional  severity  to  the  terminal  sjrmptoms.  The 
concentration  obviously  comes  about  from  the  fact  that  diabetic  patients 
continue  to  excrete  much  urine  even  when  deeply  comatose,  and  also 
expire  as  much  water  as  usual  in  their  air  hunger,  whilst  the  intake  of 
water  is  greatly  diminished.  Perhaps  there  may  be  special  lympho- 
gogaes  at  work  in  this  autotoxic  terminal  condition,  similar  to  what 
Grawitz  (338)  has  d^nonstrated  in  many  other  infections  and  intoxications. 
The  molecular  concentration,  as  measured  by  the  lowering  of  the 
freesing-point  of  the  blood,  is  not  obviously  altered  in  diabetes  [Landau 
(339)]. 

2.  Inorganie  Constttuents. 

For  the  fixed  alhcdis,  see  p.  598.  Even  in  diabetic'coma  they  are  not 
diminished  relatively  to  the  other  constituents  of  the  blood,  notwith- 
standing the  acidosis.  Dennstedt  and  Rumpf  (340)  found  a  little  less 
sodium  than  usual  in  the  blood  and  viscera  post-mortem.  This  is  the 
more  striking  in  that  the  patients  had  been  given  quantities  of  sodium 
bicarbonate  before  death.  The  potassium  was  increased.  The  explana- 
tion of  this  is  not  clear.  ^ 

A  good  summary  of  the  published  analyses  of  the  ash  of  diabetic  blood, 
together  with  several  new  determinations,  will  be  found  in  Erben's  paper 
(340).  The  material  collected  by  Rumpf  and  Erben,  and  criticised  by  them, 
shows  how  little  we  have  learned  so  far,  in  spite  of  most  painstaking  and 
laborious  researches. 

Ammonia  was  found  increased  in  coma  by  Winterberg  (341) — 3-78 
milligrammes  per  100  grammes  of  blood,  instead  of  the  normal  0*6  to  1*3 
milligranmies. 

The  blood-serum  in  severe  cases  of  diabetes  has  frequently  been  found 
to  contain  iron  [Jolles  and  Winkler  (342)] ;  this  has  been  attributed  to  the 
destruction  of  blood-corpuscles  and  platelets  containing  hsBmoglobin 
[Mitulescu  (343)].  Gumprecht  and  Stintzing  (344)  had  previously  shown 
that  the  colour  intensity  of  diabetic  blood  may  be  greater  than  corre- 
sponds to  the  haemoglobin  alone.  Rosin  and  Jellinek  (346)  confirm  this. 
They  suppose  that,  besides  the  hsemoglobin,  some  other  colouring  matter 
containing  iron  is  formed  as  well.  Possibly  this  accounts  for  the  increase 
in  the  iron  in  diabetic  urine  [Damaskin,  Hoffmann  (346)].  According  to 
Hoffmann,  normal  urine  contains  1*09  milligrammes  of  iron  per  diem  upon 
the  average ;  in  diabetes  he  found  3*70  milligranmies,  and  in  one  excep- 
tional case  22*02  milligrammes  of  iron.  Jolles  gives  even  higher  figures — 
up  to  0*108  gramme  per  diem.  It  is  well  known  that  the  kidneys  can 
excrete  iron  more  easily  when  it  is  united  with  nucleo-proteids  than  when 
it  is  in  the  form  of  salts. 

3.  Alkalinity  and  Diabetto  Acidosis. 
See  p.  597. 
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4.  The  Sugar  In  the  Blood. 
See  pp.  532  ei  aeq. 

5.  Glyeogen. 

Glycogen  was  found  increased  in  diabetic  blood  by  Ehrlich  and 
Gabritschewsky  (347).  It  was  partly  free  in  the  plasma,  partly  within 
the  leucocytes.  Probably  the  cells  store  up  glycogen  at  the  expense  of 
the  sugar  in  the  fluid  around  them.  The  free  glycogen  may  be  derived 
from  white  corpuscles  that  have  disintegrated.  No  great  stress  can  be 
laid  upon  the  presence  of  this  glycogen,  for  it  is  known  to  be  a  normal 
ingredient  of  the  protoplasm  of  leucocytes  [Hirschberg  (348)]. 

6.  Ferments. 

1.  Olycdyiic  Ferment. — See  p.  661. 

2.  Amylolyiic  FermetU, — See  p.  681.  It  may  be  added  that  L6pine 
and  Kaufmann,  Achard  and  Clerc  (349),  have  recently  found  the  amylo- 
lytic  power  of  diabetic  blood  to  be  less  than  normal.  The  last  two  of 
these  observers  think  any  great  diminution  to  be  a  sign  of  bad  prognosis. 

3.  Toxines, — ^L6pine  and  Boulud  (360)  state  that  the  blood  of  a  dog 
recently  rendered  diabetic  by  extirpation  of  its  pancreas  can  produce 
glycosuria  when  introduced  into  the  tissues  of  other  animals.  They 
attribute  this  to  the  action  of  a  toxine.  The  toxines  are  said  to  be  in  the 
serum,  and  not  in  the  red  corpuscles. 

3.  Hcemolyain. — Sweet  (361)  publishes  researches  in  which  he  finds 
that  the  blood  of  dogs,  after  extirpation  of  the  pancreas,  has  greatly 
diminished  hsemolytic  and  bactericidal  properties.  He  thinks  this 
depends  upon  loss  of  complement. 

7.  Fat— Lipamla. 

The  occurrence  of  very  large  quantities  of  fat  in  the  blood  plasma 
seems  to  be  a  phenomenon  peculiar  to  diabetes.  It  was  already  well 
known  in  the  days  when  venesections  were  common.  It  was  not  investi- 
gated in  detail  until  comparatively  recently,  and  even  now  the  question 
is  not  fully  understood.  I  need  not  here  discuss  every  case  that  is  scat- 
tered through  the  literature,  seeing  that  Zaudy  and  Fischer  (362)  have 
collected  aU  the  papers  that  have  been  published  upon  the  subject.^ 
The  clinical  facts  are  simple  and  clear.  As  a  rule,  the  percentckge  of  fat 
in.  the  blood  is  not  actually  higher  than  the  normal  limit,  which,  according 
to  recent  determinations  by  Bonninger  and  T.  Rumpf  (363),  \b  something 
like  1  per  cent.  Only  in  the  severest  cases  of  diabetes,  and  when  the  toxic 
s3rmptoms  are  grave,  does  lipsemia  appear,  and  it  does  not  appear  always 
even  then.  Schwarz  (364)  says  it  only  occurs  when  there  is  much  acidosis, 
and  apparently  he  is  right.    My  own  experience  is  similar  to  his. 

When  the  Upsdmia  is  marked,  the  serum  is  as  though  mixed  with  milk, 

^  Two  obaezrations  Bhould  be  added  to  this  collection,  namely:  (1)  Hale  White, 
**  Diabetic  Intra-oonlar  Lipnmia"  (the  Lancet,  October  10,  1903),  with  an  excellent 
picture  of  the  ophthalmoeoopio  appearance  of  the  retina.  (2)  Qamgee,  "  Physiologioal 
Chemistry  of  the  Animal  Body/'  vol.  i..  p.  170;  London,  1880. 
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and  it  may  even  be  milk-white.  If  the  blood  be  allowed  to  stand  a  short 
time  in  a  test-tube,  the  fat  rises  to  the  surface  and  forms  a  thick  yellowish- 
white  layer,  the  depth  of  which  varies  with  the  degree  of  lipamia.  Treat- 
ment with  ether  or  with  the  specific  fat  stains  proves  it  to  be  fat.  The 
emulsion  in  the  serum  is  so  fine  that  no  fat  droplets  are  seen  upon  ordinary 
microscopical  examination.  They  can  only  be  detected  with  the  very  high 
power.  The  lipsBmia  varies  considerably  from  time  to  time.  The  varia- 
tions are  strikingly  parallel  to  those  of  the  general  condition  of  the 
patient.  In  one  case  I  recently  had  under  my  care  the  lipssmia  only  came 
on  when  the  patient  was  comatose.  There  was  4  per  cent,  of  fat  in  the 
blood.  The  patient  recovered  from  the  coma  under  treatment,  and  the 
lipsBmia  simultaneously  disappeared.  The  phenomena  were  repeated 
several  times  in  the  course  of  a  few  weeks,  until  the  patient  finally  died 
in  one  of  the  attacks. 

Attempts  have  been  made  to  decide  where  this  fat  in  the  blood  comes 
from.  Neisser  and  Berlin  (355)  investigated  the  melting-point,  the 
saponification  and  the  iodine  index  in  their  case,  and  showed  that  the 
fat  had  the  same  properties  as  that  in  the  chyle ;  they  concluded  that  it 
was  derived  from  the  food.  Fischer's  (352)  view — ^namely,  that  the  fat 
stored  up  in  the  tissues  may  be  the  source  of  the  fat  in  the  blood--<leservee 
consideration.  Ebstein  (356)  brings  forward  as  a  third  view  that  the  plasma 
fat  of  diabetic  patients  with  lipsemia  is  derived  from  tatty  degeneration 
of  the  tissues,  and  perhaps  of  the  blood  itself.  As  a  matter  of  fact, 
there  is  no  evidence  to  support  this. 

Fat  is  a  normal  constituent  of  the  blood.  It  increases  in  amount 
when  the  fat  in  the  food  is  excessive ;  a  temporary  cloudiness  of  the  plasma 
may  then  occur  even  in  healthy  people.  Normally,  not  more  than  1  per 
cent,  of  demonstrable  fat  is  present  in  the  blood.  In  diabetic  blood 
much  higher  values  obtain.  In  the  majority  of  oases  the  average  is  not 
more  than  4  to  6  per  cent.,  but  Stadelmann  found  15  per  cent.  (357), 
Fischer  18*1  per  cent,  in  the  ether  extract.  In  Fischer's  ease,  however, 
there  was  at  least  2*6  per  cent,  cholesterin  (calculated  for  the  blood, 
0*478  per  cent.),  so  that  the  blood  contained  10  per  cent,  less  water 
than  usual  (69-287  per  cent.,  against  the  normal  of  79-17  per  cent.). 

There  is  evidence,  therefore,  that  the  fat  content  of  the  blood  of 
diabetics  increases  considerably  when  the  food  contains  much  fat.  In 
the  diabetic  cases  in  question,  however,  the  food  was  not  particularly 
rich  in  fat.  In  my  own  cases  the  amount  of  fat  in  the  diet  was  no  more 
than  usual,  and  it  was  definitely  shown  that  the  blood  contained  prac- 
tically the  same  amount  of  fat  in  the  early  morning,  before  any  meal 
was  given,  as  it  did  after  meals.  It  will  be  remembered  that  the  per- 
centage of  fat  in  the  blood  may  be  high  during  starvation.  In  the 
absence  of  food,  the  greater  part  of  the  energy  of  the  body  is  supplied 
by  the  combustion  of  fat  from  the  tissues ;  under  these  conditions,  large 
quantities  of  fat  may  be  set  free,  to  be  carried  to  the  active  cells  by  the 
blood.  In  diabetes,  when  the  power  to  make  use  of  carbohydrate  is 
completely  lost,  the  necessity  for  this  transportation  of  fat  becomes 
greater  than  in  simple  hunger.  Nevertheless,  the  quantity  of  fat  which, 
whether  from  the  food  or  from  the  adipose  tissue,  is  required  for  the 
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use  of  the  cells  is  far  less  than  the  quantity  which  healthy  individuals 
can  deal  with  and  assimilate  without  any  trace  of  lipsemia.  It  is  im- 
possible to  explain  lipsemia  as  dependent  solely  upon  the  relations  between 
fat  ingestion,  fat  requirements,  and  fat  transportation.  There  must  be 
a  qualitative  disturbance  of  metabolism  at  the  root  of  it. 

One  hypothesis  suggests  itself  to  me ;  I  think  it  also  occurred  to 
Gliick,  Schwarz,  and  Pischer.  The  well-known  researches  of  Cohnstein 
and  Michaelis  (358)  showed  that  the  fat  which  enters  the  blood-stream 
by  the  thoracic  duct  disappears  with  great  rapidity — faster  than  can  be 
accoimted  for  by  storage  in  the  tissues  or  by  combustion.  The  fat,  as 
quickly  as  it  enters  the  blood,  and  probably  through  some  action  of  the 
erythrocytes,  becomes  converted  into  a  compound  soluble  in  water. 
The  nature  of  this  compound  is  uncertain ;  it  may  be  one  with  lecithin. 
The  phenomenon  is  termed  '*  lipolysis,"  and  the  hypothetical  ferment  is 
called  "  lipase."  The  transformation  of  the  fat  into  this  compound  soluble 
in  water  seems  to  be  an  essential  stage  before  its  entry  into  the  cells 
[Pfliiger  (359)].  Inside  the  cells  it  becomes  neutral  fat  again.  Pischer 
and  Schwarz  suggest  that  in  certain  conditions  of  diabetes  this  lipolytic 
ferment  is  insufficient  in  amount,  or  debilitated,  so  that,  according  to  the 
law  of  reversibility  of  ferments,  its  converse  action  preponderates. 
Pischer  mixed  nomud  blood  with  lipamic  blood  in  a  flask,  and  the  mixture 
developed  lipolytic  activity  ;  the  fat  diminished,  which  was  not  the  case 
when  lipsBmic  blood  alone  was  left  in  vitro.  Pischer  reminds  us  that, 
as  Hanriot  (360)  demonstrated,  the  presence  of  the  products  of  fat  fer- 
mentation, and  particularly  the  fatty  acids,  strongly  inhibit  lipolysis. 
Diabetic  acidosis  may  thus  favour  the  occurrence  of  lipeemia ;  but  it  can 
only  be  r^arded  as  one  factor  amongst  many,  as  is  proved  by  the  common 
occurrence  of  cases  of  extreme  acidosis  without  lipsBmia. 

These  explanations,  which  Schwarz  and  Pischer  gave  independently, 
are  very  fascinating,  but  thero  is  more  yet  to  discover.  The  above  dis- 
cussion will  serve  to  indicate  the  directions  in  which  future  researches 
may  be  made  upon  this  pecuUar  and  hitherto  obscure  phenomenon.^ 

Hale  White  records  the  case  of  a  diabetic  whose  blood  contained  a  white 
substance  soluble  in  alkalis,  insoluble  in  water  and  salines.  It  was  prob- 
ably a  proteid  precipitated  by  the  presence  of  a  fatty  substance,  the  fatty 
substance  being  apparently  an  ester  of  cholesterin  with  a  high  fatty  acid. 
The  ''  lipsemia  "  was  thus  not  due  to  fat.  The  UpsBmia  disappeared  as 
the  patient  improved.    It  had  no  relation  to  the  diet. 

8.  Staining  Reaetions  of  the  Blood. 

If  normal  blood  is  mixed  with  dilute  methylene  blue  in  slightly  alkaline 
solution,  the  fluid  assumes  a  blue-green  colour.  Williamson  (361) 
described  a  reduction  process  by  which  diabetic  blood  rendered  methylene 
blue  yellowish  red.  Bremer  (362)  published  a  modification  of  this  which 
is  better  known.  Blood  was  smeared  in  a  thin  and  even  layer  upon  a 
slide  ;  after  drying  and  heating  for  ten  minutes  at  135^  C,  it  was  stained 

^  Wilson  and  Owens,  B.J.,  vol.  i].,  p.  20,  1906,  oonsider  that  lipemia  is  neither 
serioos  nor  rare ;  it  is  an  abnormal  metabolism  of  tissue  fat. 
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for  a  short  time  with  1  per  cent,  solution  of  methylene  blue.  Diabetic 
blood  remains  pale  green  ;  healthy  blood  in  a  control  becomes  deep  blue. 
The  pale  green  is  the  positive  Bremer's  reaction.  Many  other  stains  have 
since  been  found  which  behave  differently  with  diabetic  to  what  they  do 
with  normal  blood  [Bremer,  Le  Goff  (363)]. 

Williamson  and  Bremer  both  attribute  the  reduction  of  methylene 
blue  to  the  action  of  glucose  in  the  blood.  It  has  been  found  that  as  little 
dextrose  as  0*15  to  0*20  per  cent,  will  reduce  a  weakly  alkaline  solution  of 
methylene  blue  [Hartwig  (364)].  There  is  often  as  much  sugar  as  this 
in  diabetic  blood.  There  is  therefore  no  reason  why  this  sugar  should  not 
be  primarily  responsible  for  the  reaction ;  and  all  later  writers  agree, 
upon  the  whole,  with  Williamson  and  Bremer  (365).  More  exact  investi- 
gation of  the  reaction  has  shown  that  other  factors  also  play  a  part  in  it. 
Diminished  alkalinity  of  the  blood  favours  it  [Lupine  and  Lyonnet, 
Loewy,  Hartwig].  This  explains  why  the  test  is  positive  much  more 
constantly  in  severe  cases  of  diabetes  associated  with  acidosis  than  in 
slight  forms  of  the  disease.  A  discovery  of  Loewy's  is  very  remarkable. 
He  centrifugalized  some  diabetic  blood  which  gave  a  positive  reaction, 
and  washed  the  deposit  of  blood-corpuscles  with  isotonic  salt  solution 
until  no  more  sugar  was  dissolved.  The  cells,  freed  from  sugar  and  from 
plasma,  would  not  stain  with  methylene  blue.  I  have  found  the  same 
on  repeating  the  experiment.  The  blood-corpuscles  of  a  healthy  man 
stained  readily  after  subjection  to  precisely  the  same  treatment.  Either 
the  diabetic  eiythrocy tes  still  contained  much  sugar,  which  is  improbable, 
or  else  the  stroma  or  the  haemoglobin  had  undergone  some  obscm^  change 
which  prevented  their  taking  up  the  aniline  dye.  The  question  badly 
needs  further  investigation. 

The  fact  that  something  more  than  the  presence  of  sugar  is  at  the  root 
of  the  staining  reactions  of  diabetic  blood  explains  the  inconstancy  of  the 
test  in  clinical  medicine.  Strauss  (365)  drew  attention  to  this.  A  posi- 
tive Bremer's  reaction  is  by  no  means  the  constant  phenomenon  in 
diabetes  that  Williamson  and  Bremer  supposed.  It  often  bore  no  quanti- 
tative relation  to  the  intensity  of  the  glycosuria.  The  reaction  was  often 
stiU  positive  after  restriction  of  the  carbohydrate  in  the  food  had  reduced 
the  glycosuria  to  zero.  A  short  while  since  I  saw  a  diabetic  patient  again 
who  six  years  before  had  had  0*2  per  cent,  of  glycosuria  and  a  very  strong 
Bremer's  blood  reaction ;  he  now  had  6  per  cent,  of  sugar  in  his  urine,  but 
his  blood  stained  extremely  well  with  methylene  blue.  There  are  obvi- 
ously several  different  factors  at  work,  waxing  and  waning  in  their  influ- 
ence at  different  times.  There  are  no  quantitative  comparisons  to  hand 
in  which  the  percentage  of  sugar  and  the  staining  power  of  the  blood 
have  been  accurately  and  simultaneously  determined.  Research  upon 
this  point  would  assist  in  settling  the  question  under  discussion. 

9.  Oases  of  the  Blood  In  Diabetes. 

Kraus,  confirming  Minkowski,  found  the  OO,  content  of  the  blood  to 
be  constantly  low  in  cases  of  diabetic  coma,  averaging  15  volumes  per  cent, 
instead  of  a  normal  40  to  50  volumes  per  cent.    Beddard,  Pembrey,  and 
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Spriggs  (361a)  examined  a  number  of  cases  of  diabetes,  and  foond  that  in 
diabetic  coma  the  quantity  of  GO2  which  could  be  extracted  from  the  blood 
was  half,  or  less  than  half,  the  normal.  In  the  blood  of  non-comatose 
patients  there  was  less  CO,  than  in  normal  blood,  but  more  than  in  coma. 
After  the  administration  of  alkalis,  the  amount  of  CO2  present  in  the 
blood  was  increased. 

The  theory  has  been  advanced  that  in  diabetic  coma  the  blood  is 
unable,  owing  to  its  diminished  alkalinity,  to  take  up  the  normal  amount 
of  CO2-  Beddard,  Pembrey,  and  Spriggs,  from  their  experiments  upon  the 
tension  of  the  blood  in  diabetes,  consider  that  the  respiratory  symptoms 
in  diabetic  coma  are  not  entirely  to  be  explained  by  the  assumption  of  a 
chemical  disability  of  the  blood  to  combine  with  OO,.  It  seems  more 
probable  that  the  cells,  including  those  of  the  respiratory  centre,  are 
unable  to  carry  on  the  usual  oxidative  processes,  and  are  in  a  state  of 
oxygen  starvation,  although  there  is  a  sufficiency  of  oxygen  in  the  blood. 


Vm.— THE  DIGESTIVE  ORGANS. 
A.— THE  SALIVA. 

1.  Ferments— Sttlphocyanide  Reaction. 

The  diabetic  patient  usually  has  a  dry  mouth  and  little  saliva ;  the 
latter  is  said  to  be  deficient  in  ferments  [Jawein,  Robertson  (366)].  I  do 
not  think  this  really  is  so  as  a  rule  ;  I  have  often  found  the  amylolytio 
power  of  the  saliva  to  be  normal  even  in  the  worst  cases.  There  are 
many  exceptions  in  r^ard  to  its  quantity  also.  In  many  diabetics  the 
secretion  is  normal,  and  in  some  there  is  even  ptyaUsm. 

I  have  several  times  found  no  sulphocyanide  reaction,  though  in  most 
of  the  patients  it  is  present,  and  as  marked  as  normal. 

2.  Sugar. 

Most  researches  upon  the  presence  of  sugar  in  the  saliva  have  proved 
n^ative.  Kiilz  (367),  however,  quotes  several  observers  who  found  it ; 
and  Fleckseder  (368)  has  recently  reported  two  cases  with  a  positive  sugar 
reaction.  F.  Kraus,  jun.,  working  in  my  laboratory,  and  using  the  most 
sensitive  tests,  including  that  of  phenylhydrazine  in  each  case,  could 
find  no  trace  of  sugar  in  the  saliva  of  ten  severe  cases  who  were  excreting 
sugar  in  large  quantities.  Theoretically,  one  would  think  sugar  ought  to 
appear  in  the  saliva  sometimes,  seeing  that  a  dog's  salivary  glands  let 
sugar  through  when  0*8  per  cent,  is  present  in  the  blood  [Weyert  (369)]. 
Sugar  values  as  high  as  this  were  obtained  by  transfusion  with  dextrose 
solution ;  they  scarcely  ever  occur  spontaneously  in  diabetes,  but  one 
would  think  patients  would  be  f oimd  now  and  then  whose  salivary  glands 
were  abnormally  permeable  to  sugar.  In  all  researches  upon  the  subject 
it  is  necessary  to  analyze  the  saliva  fresh  and  pure,  since  reducing  bodies 
may  be  derived  from  the  decomposition  of  mucin.  The  sweet  taste  in 
the  mouth  that  diabetic  patients  often  complain  of  is  probably  not  due 
to  the  presence  of  sugar,  but  to  that  of  acetone. 
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3.  Aeetone. 

Acetone  may  occur  in  the  saliva  in  simple  inanition  [Schuman- 
Leclerq,  20  to  25  milligrammes  in  100  c.o.  of  saUva  (370)].  It  is  a 
r^ular  constituent  in  diabetic  acidosis.  The  largest  quantity  which  EJraus 
found  in  cases  in  my  wards  was  3-9  milligrammes  of  bodies  that  produced 
iodoform  in  100  o.c.  of  saliva ;  the  patient  died  of  coma  three  weeks  later. 
The  majority  of  our  figures  lay  between  1*5  and  3  milligrammes.  Flech- 
seder  (368)  found  acetone,  but  never  aceto-acetic  acid.  We  gave  pilo- 
carpine to  one  patient  suffering  from  severe  diabetes  with  acidosis ; 
150  grammes  of  the  saliva  was  examined  for  )3-oxybutyric  acid  by  the 
a-crotonic  acid  method,  and  we  could  detect  none.  The  small  quantities 
of  acetone  which  have  been  found  in  the  gastric  contents  in  the  acidosis 
of  inanition  and  of  diabetes  are  probably  not  entirely  derived  from 
swallowed  saliva,  but  are — ^in  part,  at  least — secreted  in  the  stomach  (371). 
I  recovered  55  and  67  milligrammes  respectively  from  the  gastric  contents 
of  two  diabetic  patients  who  had  lavage  of  the  stomach  just  before  coma. 
No  alcohol  had  been  given  for  some  days  previously.  Thie  figures  are  too 
high  to  be  due  to  swallowed  saliva.  Acetone  also  occurs  in  the  faces, 
but  the  quantities  are  so  small  that  they  may  be  n^lected  in  experi- 
ments upon  the  acetone  balance  [Geelmuyden,  Schwarz  (372)].  The 
faces  contain  less  acid  per  cent,  than  do  diabetic  viscera  (373). 

4.  ReactioiL 

Lehmann  (374)  was  the  first  to  record  the  fact  that  the  saliva  in 
diabetes  may  be  acid.  He  demonstrated  lactic  acid  in  the  fresh  saliva. 
Later  observers  have  failed  to  find  this  acid  [Lampricht  (375)],  but  the 
acid  reaction  has  often  been  confirmed.  I  have  frequently  found  tlie  mixed 
saliva  to  be  acid  when  there  has  been  no  food  in  the  mouth.  This  is 
not  peculiar  to  diabetes ;  it  has  often  be^i  noticed  in  health  [Sticker 
(376)],  and  it  may  be  due  to  bacterial  and  fermentative  changes.  In 
several  severe  cases  of  diabetes  Mosler  found  the  saliva  acid  even  when 
obtained  direct  from  Stenson's  duct.  We  do  not  know  whether  the  secre- 
tion is  often  acid  whilst  still  within  the  ducts,  or  if  it  depends  upon  dimin- 
ished alkalinity  of  the  blood,  as  Kiihne  thinks  likely,  or  whether  the  acid 
reaction  is  a  bad,  the  alkaline  a  good,  prognostic  sign  [Sticker  (378)]. 
The  facts  we  know  at  present  have  been  discovered  by  casual  observation, 
and  no  systematic  research  has  been  carried  out  upon  the  matter. 


B.— THE  FUVOnONS  OF  THE  STOMACH. 

1.  The  Appetite. 

Increased  appetite  is  a  very  common  sjrmptom  in  diabetes  so  long  as 
the  carbohydrates  are  not  restricted.  It  reflects  the  needs  of  the  tissues, 
which  are  starving  although  permeated  by  juices  abounding  in  sugar. 
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Thirst  is  alflo  extreme ;  the  sugar  carries  much  water  with  it  into  the  urine ; 
the  blood  and  lymph  become  partially  dehydrated,  and  this  has  to  be 
remedied  by  drinking. 

The  fact  that  diabetic  patients  consume  so  much  food  affords  a  measure 
of  the  activity  of  their  gastric  juice. 


2.  Motility. 

The  motility  of  the  stomach  is,  as  a  rule,  good.  I  can  completely 
confirm  Honigmann's  (379)  experiences.  In  both  mild  and  severe  cases 
we  have  had  occasion  to  wash  out  the  stomach  for  one  reason  or  another, 
and  we  have  found  that  the  contents  have  been  passed  on  at  the  usual 
rate.  Fauconnet  (380)  nearly  always  foimd  the  motility  normal  or 
increased. 

The  above  holds  good  for  uncomplicated  cases.  Naturally,  it  is  pos- 
sible for  diabetics  to  have  affections  of  the  stomach,  but  clinically  the 
polyphagia  and  polydipsia  do  not  seem  to  predispose  to  them.  The 
conditions  are  different  in  the  last  stages  of  diabetes — that  is  to  say,  when 
the  patient  is  debilitated  and  coma  threatens.  The  gastric  motility  is 
then  often  much  diminished  ;  one  finds  atony  with  stagnation,  with  con- 
sequent fermentations,  hypenesthesia  of  the  mucosa,  waterbrash,  feelings 
of  discomfort,  vomiting,  and  serious  loss  of  appetite. 


3.  Hydroehlorie  Aeid. 

The  hydrochloric  acid  has  been  investigated  by  Riegel,  Bosenstein, 
Krause,  Honigmann,  Oans,  and  Fauconnet  (381) ;  and  there  are  many 
other  observations  upon  it  scattered  through  the  literature  [von 
Noorden  (382)].  It  shows  no  peculiarity  in  its  behaviour.  In  quantity, 
it  is  sometimes  high,  sometimes  low,  but  the  variations  are  within  the 
limits  found  in  health.  Acidosis  has  no  typical  effect  upon  it.  Only  in 
the  late  stages  of  diabetes  is  the  hydrochloric  acid  obviously  affected, 
and  then  it  may  be  either  completely  absent  or  present  in  excess.  In  two 
patients,  shortly  before  the  onset  of  coma,  I  found  0-4  per  cent,  of  hydro- 
chloric acid  after  a  test  breakfast.  One  of  these  cases  was  known  to  have 
had  the  normal  amount  of  acid  a  few  weeks  before  ;  both  had  been  taking 
36  to  40  grammes  of  sodium  bicarbonate  per  diem  for  a  long  time  in 
small  doses. 


C— THE  FUNCTIONS  OF  THE  INTESTINE. 

1.  The  Resorption  of  Food. 

In  most  diabetic  patients  food  resorption  is  good.  Traube,  Kiilz, 
Block  (383),  and  others,  made  occasional  analyses  of  the  faeces  long  ago. 
Since  tiien  a  large  number  of  papers  upon  metabolism  in  diabetes  have 
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been  publiBhed  containing  careful  quantitative  analyses  af  the  fsdcee. 
In  uncomplicated  cases  the  absorption  of  nitrogen  and  that  of  fat  were 
nonnal  (384). 

In  the  course  of  experiments  great  demands  have  often  been  made 
upon  the  resorptive  power  of  the  intestine,  and  these  have  been  well 
responded  to  [Luthje].  There  is  no  object  in  giving  the  figures  here, 
because  they  were  perfectly  normal.  Carbohydrates,  particularly  sugar, 
have  often  been  sought  for  in  the  fieces,  but  have  only  been  found  in 
the  normal  small  amounts.  Bossier  (385),  giving  a  diet  free  from  carbo- 
hydrate, found  0-068  and  0*078  per  cent,  in  the  fceces.  After  giving 
100  grammes  of  grape-sugar,  he  found  0-357  and  0*415  per  cent.  There 
were  no  pentoses.  Figures  that  are  high  usually  result  from  diarrhceab 
When  the  latter  does  not  occur,  the  administration  of  even  huge  quantities 
of  soluble  carbohydrate  does  not  lead  to  the  presence  of  more  than  the 
normal  quantity  of  reducing  substance  in  the  dejecta.  With  the  "  oat 
cure  "  we  have  not  found  more  than  1  to  2  grammes  of  sugar  in  the 
fseces,  even  after  boiling  with  hydrochloric  acid,  though  300  grammes  of 
oatmeal  were  given  by  the  mouth  per  diem.  Lipetz's  (396)  cases  seem 
to  have  shown  no  increase  of  carbohydrate  in  the  fsBces  either.  Moss6  (21 1 ) 
records  the  same  after  potatoes. 

Hirschfeld  (384)  drew  attention  to  the  fact,  already  hinted  at  by  older 
observations  here  and  there,  that  there  are  a  few  exceptional  cases  of 
diabetes  in  whom  as  much  as  30  per  cent,  of  the  nitrogen  and  fat  pass 
through  the  intestine  when  the  diet  is  Hberal  but  not  excessive.  The 
carbohydrate  was  well  absorbed  even  in  these.  In  five  series  of  observa- 
tions the  average  intake  was  436*4  grammes  dry  weight,  34*4  grammes 
of  nitrogen,  160*6  grammes  af  fat.  The  fsBces  contained  35*2  grammes  of 
dry  residue,  31*8  per  cent,  of  the  nitrogen,  34*8  per  cent,  of  the  fat.  It 
seems  likely  that,  in  addition  to  the  specific  affection  of  the  pancreas, 
the  various  juices  of  the  alimentary  tract  were  out  of  order  in  these 
cases.  Several  cases  of  this  kind  have  since  been  carefully  studied  and 
recorded  (386).  The  most  characteristic  feature  was  the  steatorrhoea,^ 
which  may  be  so  extreme  that  undigested  fluid  fat  may  run  out  per  anum 
when  fat  is  given  abundantly  by  the  mouth.  The  copious  ash-coloured 
fsBces  are  covered  with  an  oily  layer  which,  when  it  cools,  bears  a  remark- 
able resemblance  to  butter.  The  high  nitrogen  figures,  which  never  failed, 
can  naturally  be  proved  only  by  analysis.  Minkowsid  and  M.  Abelmann 
(387)  met  with  a  similar  phenomenon  in  dogs  after  extirpation  of  the 
Iiancreas.  They  found  considerable  improvement  in  resorption  when 
IMincreas  was  given  with  the  food,  a  point  which  may  be  of  considerable 
therapeutic  value.  Baw  pancreas  has  proved  to  be  of  practical  service 
in  checking  steatorrhoea  [von  Noorden,  Schild  and  Masuyama  (388)]. 
Pancreon  and  pancreatin  are  equally  effective,  as  Salomon  (386)  showed 
and  Sigel  (214)  confirmed.  The  table  on  p.  624  gives  the  results  of 
analyses  in  one  case  of  Salomon's  in  which  pancreatin  was  administered. 

^  Weintrsod  is  of  the  opinion  that  the  BteatorrhcDa  of  defeotive  panoreatio  seoretion 
may  be  distinguished  from  that  of  catarrh,  amyloid  degeneration,  etc.,  of  the  intestine 
by  the  fact  tlmt  the  former  is  accompanied  by  marked  azotorrhooa,  whilst  in  the  latter 
the  nitrogen  resorption  is  sood.  Our  own  experience  is  not  the  same  as  Weintraud's ; 
we  have  often  seen  azotorrncea  in  intestinal  affections. 

VOL.  in.  40 
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Recovered  from  the  Faxes — 

NltatlgML 

Fftt 

Without  troatment 

With  panoreatin»  0-26  gramme  five  times 
a  day 

PwOent 
22-8 

9-2 

Percent 
63-3 

17-3 

I  will  not  go  into  these  interesting  disorders  of  resorption  in  any 
further  detail.  They  do  not  concern  diabetes  mellitus  proper,  but  only 
its  complications.  The  cases  are  rare.  I  have  treated  about  2,000 
diabetic  patients,  and  have  found  only  twelve  marked  cases  of  steatorrhcea 
amongst  them.  I  refer  the  reader  to  the  chapter  upon  Affections  of  the 
Pancreas. 

2.  Decomposition  in  the  Intestine. 

A  discussion  of  great  theoretical  importance  has  lately  centred  around 
the  excretion  of  aromatic  products  of  putrefaction  in  diabetic  urine. 
Blumenthal,  and  his  pupils  Bosenfeld  and  Lewin  (389),  resuscitated 
an  old  idea,  and  believed  they  were  able  to  prove  that  aromatic  radicles, 
particularly  indol,  become  free  in  the  tissues  during  protein  katabolism, 
and  that  they  combined  with  sulphuric  or  glycuronic  acid  esters  and 
thus  appeared  in  the  urine.  They  claimed  that  the  aromatic  constituents 
of  the  urine  arose  in  this  way  in  inanition  (see  Vol.  I.),  experimental 
phloridzin  glycosuria,  and  diabetes  mellitus.  Carletti,  Reale,  Gilbert 
and  Weil,  and  Moraczewski  (390)  incline  to  this  view.  Ellinger,  Mayer, 
and  Jaff6  (391)  oppose  it,  and  we  think  rightly.  Their  careful  researches 
make  it  impossible  to  believe  that  the  aromatic  constituents  of  the  urine 
have  any  other  origin  than  bacterial  destruction  of  protein.  In  un- 
complicated diabetes  bacterial  putrefaction  of  nitrogenous  substances 
occurs  only  in  the  bowel,  and  we  cannot  but  call  the  resultant  bodies 
in  the  urine  enterogenous.  Their  quantity  affords  a  reliable  measure 
of  the  putrefaction  that  is  taking  place  in  the  intestine  (see  Vol.  I.). 

The  peculiar  conditions  of  diabetic  diet,  its  richness  in  protein  ^d 
poorness  in  carbohydrate,  are  factors  which  we  know  from  physiology 
(Vol.  I.)  are  the  most  favourable  for  increasing  the  aromatic  bodies  in 
the  urine.  We  have  actual  records  that  this  is  so  (392).  My  own  ex- 
perience is  that  the  excretion  of  ethyl-sulphuric  acids,  which  are  only 
part  of  the  enterogenous  products  of  putrefaction,  bears  a  rather  close 
relation  to  the  peculiarities  of  diabetic  diet.  This  is  also  true  of  the 
indican  reaction,  and  holds  good  both  of  mild  and  of  severe  uncompli- 
cated cases.  Leo  (393)  expresses  the  same  opinion.  Moraczewski's  (392) 
numerous  figures  for  indican  and  for  ethyl-sulphuric  acids  are  practically 
normal,  although  on  occasional  days  they  may  have  been  abnormally 
high. 

In  fifteen  diabetic  patients  without  complications,  but  all  with  severe 
glycosuria,  we  found  the  following  results  when  the  diet  was  restricted 
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until  ibe  most  favourable  conditions  of  resorption  and  excretion  had 
been  reached : 

Gm. 

Nine  times 0-1  -0-2  Aromfttio  salphstos* 

Kva  times 0-2  -0-26  •• 

Twice  0-30-0-35 

The  figures  are  the  average  for  periods  of  from  three  to  four  days.  In 
tiie  last  two  cases  only  could  the  excretion  be  termed  increased.  In  the 
stage  of  coma,  and  just  before  it,  we  found  0-18  and  0*24  gramme  per 
diem  three  times,  lliere  was  no  increase.  Strauss  and  Philippsohn  (302) 
found  the  same.  I  will  just  give  an  abstract  of  the  determinations  made 
by  Herter  and  Wakeman  in  my  laboratory  in  the  winter  of  1903-1004 
(see  table,  p.  626).  It  will  be  seen  that  there  are  one  or  two  cases 
which  show  increased  excretion  of  enterogmous  products  of  decomposi- 
tion.  Such  cases  occur  in  every  disease.  There  is  no  reason  for  giving 
th^n  any  special  significance  in  diabetes.  The  cases  in  which  the 
figures  were  normal  are  far  too  numerous  for  the  others  to  be  more  than 
the  usual  exceptions. 

Herter  and  Wakeman  also  estimated  the  quantities  of  phenol.  Strasser 
(394)  is  the  only  other  observer  hitherto  who  has  published  a  research 
covering  the  fidd  so  widely.  He  found  the  phenol  constantly  increased 
up  to  0-69  gramme  per  diem.  Neuberg  (396)  has  shown,  however,  that 
the  method  used  by  Strasser  always  gives  too  high  a  figure  in  the 
presence  of  carbohydrate. 

Lipets  (396),  using  the  Schmidt-Strasburger  method,  came  to  the 
conclusion  that  the  number  of  bacteria  in  the  faeces  is  much  augmented 
when  a  person  is  upon  oatmeal  diet.  This  is  an  interesting  point,  but 
it  does  not  explain,  as  lipets  believes  it  does,  the  decrease  in  glycosuria 
and  aoetonuria  that  usually  follows  the  adoption  of  von  Noorden's  '*  oat 
cure  " — ^250  to  300  grammes  of  oatmeal  per  diem.  The  proportion  of 
the  oatmeal  that  undergoes  fermentation  and  escapes  absorption  must 
be  a  very  small  part  of  the  whole.  The  resorption  takes  place  mainly 
in  the  small  intestine,  whilst  the  bacterial  decomposition  is  restricted 
to  the  large.  Were  it  not  so,  the  symptoms  of  infection  of  the  ileum 
and  jejunum  would  not  be  entirely  absent. 

The  question  of  decomposition  in  the  bowel  has  thus  a  great  impor- 
tance in  diabetes,  because  not  only  the  onset  of  coma  [Schmitz  (397)],  but 
also  the  disease  as  a  whole,  has  been  referred  to  its  effects  and  influence. 
De  Dominicis,  and  later  G.  Tdpfer  (398),  extracted  the  fsdces  of  diabetics 
either  by  maceration  or  by  dialysis,  and  by  administering  the  extract 
partiy  by  the  mouth,  partly  subcutaneously,  they  maintained  that  they 
had  produced  glycosuria  in  animals.  Lupine  and  Leo  (399)  repeated  the 
experiments,  but  with  negative  results.  The  discussions  on  these  experi- 
ments have  been  forgotten,  but  they  might  serve  as  starting-points  for 
fresh  researches. 
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CHAPTER  n 

GOUT 

Bt  GABL  von  NOOBDEN. 
Translatxd  bt  B.  W.  Wsbstbb,  M.D.,  Chxcaoo. 

In  my  treatise  on  "  The  Pathology  of  Metabolism,"  in  which  all  the  known 
facts  regarding  the  metabolism  in  gout  were,  for  the  first  time  in  many 
years,  collected  and  criticaUy  reviewed,  I  wrote :  "  The  literature  of 
gout  is  a  very  voluminous  one.  The  symptomatology  and  the  variable 
course  of  the  disease  have  been  frequently  discussed  in  a  very  thorough 
manner.  The  leading  scientific  investigators  have  devoted  their  best 
efforts  to  the  solving  of  the  questions  dealing  with  the  theory  of  gout, 
yet  our  knowledge  concerning  its  metabolic  processes  stands  in  marked 
contrast  to  the  amount  of  thought  expended  upon  the  elaboration  of 
its  theory.  Only  a  few  details,  and,  perhaps,  even  only  a  few  accessory 
details,  of  its  metabolism  have  been  thus  far  worked  out." 

Since  then  a  large  number  of  investigations  on  gout  have  been  carried 
out.  The  researches  of  Kossel  on  the  cleavage  products  of  nucleinic  acid, 
the  recognition  of  the  close  relationship  between  nuclein  decomposition 
and  uric-acid  excretion  [Horbaczewski  and  others],  and  the  discovery  of 
the  chemical  constitution  of  uric  acid  and  its  related  purin  bodies  [Fischer], 
furnished  the  incentive  to  more  exact  observations  upon  this  long- 
n^lected  chapter  of  metaboUsm.  Many  new  facts  became  known,  yet 
a  clear  insight  into  the  dynamics  of  the  metabolic  disturbances  of  gout 
has  not  yet  been  obtained.  Thus  the  two  recent  extensive  and  excel- 
lent monographs  which  are  devoted  to  the  metabolic  pathology  of  gout 
[0.  Minkowski,  H.  Wiener  (1)]  end  with  the  discordant  note  of  non 
ignoramus.  The  doubt  which  I  expressed  twelve  years  ago,  whether 
uric  acid  was  really  the  materia  peecana  of  gout,  and  whether  the  char- 
acteristic behaviour  of  uric  acid  in  gout — ^that  is  to  say,  its  accumulation 
in  the  blood  and  its  deposition  in  the  tissues — ^was  not  a  secondary 
process,  must  be  repeated  to-day  with  much  emphasis. 


I.— TRANSFORMATION  OF  ENERGY. 

Little  is  yet  known  concerning  the  transformation  of  energy  in  gouty 
individuals,  although  hypotheses  have  been  earnestly  advanced  on  all 
sides.    The  theory  runs  in  this  wise  :  The  gouty  patient  has  a  ''  retarded 
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metabolism."  This  theory  is  enmiciated  most  clearly  in  a  scientific 
form  by  Bouchard  (2),  both  in  his  earlier  and  later  writings.  It  is  based 
on  the  fact  that  uric  acid  accumulates  in  the  tissues  of  gouty  patients, 
and  also  on  the  hypothesis  that  this  uric  acid  is  protected  from  oxidation 
to  urea  by  reason  of  the  lessening  of  the  oxidative  power  of  the  system. 
Regarding  the  extent  of  the  general  oxidation  in  the  gouty,  only  the 
investigations  made  by  Magnus-Levy  (3)  on  seven  patients  are  available. 
Magnus-Levy  found  that  the  consumption  of  oxygen  by  the  gouty  patient 
differed  in  no  way  from  that  of  the  healthy  subject  (2*41  to  4*33  c.c.  O^ 
per  kilogramme  and  minute).  The  constant  wide  variations  of  these 
figures  illustrate  the  well-known  law  that  the  values  for  the  consumption 
of  oxygen  per  minute  and  kilogramme  decrease  with  increasing  size  and 
weight  of  the  patient — ^that  is,  with  an  increasing  fatty  status.  Natur- 
ally, in  this  connection  the  possibility  is  not  excluded  that,  as  Ebstein  (4) 
believes,  certain  oxidative  processes — perhaps  just  those  which  have  to 
do  with  uric  acid — ^may  become  markedly  affected.  This  idea  finds  its 
analogy  in  the  reaction  of  the  diabetic  patient  towards  carbohydrates 
and  the  acetone  bodies.  One  should  no  longer  speak  only  of  a  retardation 
of  the  metabolism  in  general. 


II.— DECOMPOSITION  OP  PROTEIN. 

The  older  data  connected  with  the  excretion  of  nitrogen  and  of  uric 
acid  by  the  gouty  may  be  now  neglected.  They  are  of  little  value  for 
further  conclusions,  inasmuch  as  they  were  obtained  without  due  regard 
to  the  protein  and  calorie  intake.  Nevertheless,  various  hypotheses 
have  been  based  on  the  values  given  for  these  excretions.^ 

The  first  real  basis  was  furnished  by  the  investigations  of  von  Noorden 
and  L.  Vogel  (6).  With  their  three  patients  the  excretion  of  nitrogen 
remained  for  a  long  time  much  lower  than  the  intake,  the  difference 
between  these  two  factors  amounting  to  1  to  6  grammes  per  diem.  In 
the  case  of  one  patient  there  were  certain  days  on  which  the  nitrogen 
output  exceeded  the  nitrogen  intake  by  1  to  4  grammes.  As  a  rule,  the 
nitrogen  output  varied  although  a  fixed  diet  was  maintained.  The  chief 
results  obtained  were  the  daily  retention  and  variation  of  nitrogenous 
exchange.  The  calorie  value  of  the  diet  was  not  high  enough  for  protein 
retention  to  be  expected.  In  this  connection,  however,  the  course  of 
the  nitrogenous  elimination  in  renal  diseases  must  be  remembered 
(Vol.  II.).  The  question  whether  the  peculiarities  of  the  nitrogen  ex- 
cretion, and  particularly  the  nitrogen  retention,  are  due  to  the  gout  or 
to  a  complicating  nephxitis  must  remain  undecided.  As  a  matter  of 
fact,  not  a  single  symptom,  such  as  the  condition  of  the  vessels,  of  the 
heart  and  of  the  urine  (which  was  daily,  often  several  times  daily, 
examined  for  albumin),  poiated  to  the  latter  condition. 

The  tendency  of  the  gouty  to  retain  nitrogen  has  been  corroborated 

^  The  older  literftture  ia  given  by  yon  Noorden  (6)  And  by  L.  Vogel  (6). 
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by  other  investigators  (7).  Li  this  oonfirmation  further  interesting 
peculiarities  and  new  questions  have  arisen. 

In  his  numerous  careful  observations  Magnus-Levy  confirmed  the 
fact,  already  pointed  out  by  Vogel,  that  the  nitrogen  retention  of  the 
gouty  was  not  continuous,  but  was  iaterspersed  with  periods  of  more 
marked  nitrogen  excretion.  Magnus-Levy  found,  during  the  acute 
attack,  higher  values  than  corresponded  to  the  uiti^e  of  food ;  he  attri- 
buted these  values  to  the  tozogenic  decomposition  of  proteui.  In  this 
latter  view  I  agree  with  him.  The  nature  of  the  toxine  in  question  is 
still  undecided.  Uric  acid  itself  might  be  indicated,  for  Soetbeer  and 
Ibrahim  (8)  have  shown  that  subcutaneous  iajection  of  uric  acid  causes 
an  increase  in  the  decomposition  of  protein,  which  has  throughout  the 
characteristics  of  a  toxic  degeneration.  Yet  it  is  doubtful  whether 
one  is  justified  in  ascribing  much  value,  in  the  iat^pretation  of  gouty 
processes,  to  this  experiment.  We  recall  the  general  impression  which 
the  gouty  patient  gives  at  the  time  of  a  severe  attack,  especially  remem- 
bering the  usual  increase  of  temperature  at  such  periods.  Hence  we  are 
forced  to  assume  that  at  this  time  some  type  of  toxine  is  acting.  The 
facts  which  were  discovered  by  Magnus-Levy,  and  which  may  later  have 
a  great  importance  in  the  elaboration  of  the  theory  of  gout,  have  been 
confirmed  also  by  Zagari  (0),  Kaufmann  and  Mohr  (10),  and,  in  one  case, 
by  Brugsch  (7). 

A  period  of  nitrogen  retention  follows  the  increased  protein  decom- 
position which  is  observed  during  the  gouty  paroxysm.  Magnus-Levy 
interprets  this  as  a  phenomenon  of  convalescence.  The  nitrogen  reten- 
tion, which,  as  is  mentioned  above,  occurs  e6krlier,  and  of  which  he  himself 
furnishes  a  few  other  examples,  may  be  nothing  else  than  a  storing 
of  protein  as  a  result  of  a  previous  condition  of  poor  nutrition  (outside 
the  hospital),  or  as  a  result  of  overfeeding.  This  is  certainly  the  condi- 
tion in  a  large  part  of  the  cases,  yet  Magnus-Levy  had  great  difficulty 
in  explaining  all  of  his  observations  on  this  basis.  Such  an  interpretation 
was  first  shown  to  be  correct  by  the  researches  of  Vogt,  and  of  Kaufmann 
and  Mohr.  From  a  comparison  of  the  nitrogenous  equilibrium  with  that 
of  the  phosphorus  it  was  evident  that — at  least,  in  part  and  in  certain 
cases — ^the  nitrogen  deficit  was  conditional  upon  the  temporary  accumu- 
lation of  nitrogenous  decomposition  products  of  proteia,  the  nature  of 
which  must  be  further  investigated.  According  to  the  critical  discussions 
of  Kaufmann  and  Mohr  (10),  it  is  very  unlikely  that  the  principal  part  of 
this  could  arise  from  the  purin  bodies,  as  Hager,  Loewi,  and  Vogt  (11) 
assume,  because  the  amounts  in  question  (often  2  to  6  grammes  nitrogen 
per  diem)  are  much  too  large  for  Uie  purin  nitrogen  to  account  for.  Only 
a  small  part  of  this  nitrogen  could  be  referred  to  the  uric  acid  or  its 
precursors. 

Still  more  remarkable  than  the  increased  protein  decomposition 
which  is  associated  with  the  acute  paroxysm,  is  the  observation  that 
similar  periodic  variations  of  protein  decomposition  also  occur  in  the 
free  intervals  and  during  the  course  of  chronic  atypical  gout  without 
any  other  evidence,  such  as  fever,  etc.,  pointing  to  such  a  condition. 
Kaufmann  and  Mohr  noted  ui  two  patients,  a  short  time  after  a  mild 
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acute  attack,  marked  loss  of  nitrogen  (especially  in  their  observation 
No.  41),  although  the  food  contained  sufficient  nitrogen  and  calorie 
values  to  warrant  a  retention  of  nitrogen.  A  further  observation  along 
this  Une  was  brought  to  my  notice.  We  had  placed  a  patient  with 
chronic  gout  (well-defined  tophi,  no  attack  for  two  months,  no  complica- 
tions) upon  a  constant  purin-free  diet,  in  order  to  test  the  effect  of  the 
addition  of  meat  upon  the  uric  acid  excretion.  As  the  protein  exchange 
exhibited  unusual  characters— the  temperature  was  not  increased — the 
same  diet  was  maintained  for  a  still  longer  time  in  order  that  this  question 
mi^t  be  further  studied.  The  diet  contamed  about  18  grammes  nitrogen, 
and  yielded  45  calories  per  kilogramme.^  The  diet  was  commenced  two 
days  before  the  urinary  estimations  were  made. 
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Ten  weeks  later  an  acute  attack  appeared.  This  observation  suggests 
the  interpretation  that  in  gout,  even  during  the  periods  which  are  free 
from  attacks,  specific  (1)  poisons  are  present  whose  injurious  influence 
is  more  or  less  evidenced  by  the  amount  of  protein  decomposition,  just 
as  is  the  case  in  other  chronic  diseases,  such  as  leuchsemia,  pernicious 
ansemia,  exophthalmic  goitre,  etc. 

This  peculiar  course  of  the  protein  metabolism,  in  support  of  which 
not  only  the  excretion  of  joitrogen,  but  siao  the  excretion  of  phosphoric 
acid,  bears  witness,  and  which  manifests  itself  partly  by  direct  association 
with  the  paroxysm,  and  partly,  also,  during  the  attack-free  periods, 
is  at  any  rate  extremely  important.  It  sho¥rs  that  here  a  toxic  process 
is  at  work.  The  unknown  toxines  are  probably  endogenous  in  nature, 
as  is  the  case  in  Graves'  disease  and  also  in  diabetes  mellitus,  and  not 
of  exogenous  origin,  as  in  the  infectious  diseases.  Further  than  this  we 
cannot  go  at  present. 

As  has  been  previously  stated,  a  retention  of  nitrogen,  which  is  inde- 
pendent of  the  diet,  was  the  first  striking  anomaly  of  the  nitrogenous 
metabolism  observed  in  gout.  Von  Noorden  and  Vogel  (6),  who  dis- 
covered this  condition,  and  also  SchmoU  (7),  had  called  attention  to 
the  astonishing  similarity  to  the  conditions  observed  in  nephritis.  This 
was,  indeed,  grist  to  the  mill  of  those  who  regarded  the  disease  of  the 

^  It  was  only  possible  to  onoe  examine  the  fseoes.  On  this  day  they  contained 
1*8  grammes  nitro^n.  There  was  a  daily  action.  They  appeared  to  be  normal.  The 
daiW  diet  consisted  of  two  eggs,  2^  litres  of  milk,  200  grammes  of  white  bread*  120  grammes 
of  batter,  and  one  a^le.  These  substances  were  not  analyzed,  but,  owing  to  their 
simple  composition,  this  omission  is  not  of  importance. 
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kidney  as  the  cause  of  gout,  and  especially  of  the  retention  of  uric  acid. 
In  these  cases,  however,  the  clinical  signs  of  nephritis  were  not  evident. 
It  was  justly  emphasized  by  others  that  the  absence  of  albuminuria  did 
not  exclude  the  presence  of  a  nephritis  (contracted  kidney).  These  same 
findings  were  also  observed  in  other  cases,  which  were  published  later 
by  Magnus-Levy,  Leber,  Eaufmann  and  Mohr,  Vpgt,  and  others.  It 
would,  indeed,  be  very  remarkable  if  all  of  these  numerous  patients 
were,  notwithstanding,  suffering  with  a  severe  kidney  disease  without 
albuminuria  or  some  other  symptom  hidicating  the  condition  to  clinically 
experienced  observers.  Moreover,  the  early  stages  of  interstitial  nephritis, 
r^arding  which  this  question,  at  best,  could  be  raised,  are  never  accom- 
panied by  such  nitrogen  retentions.  I,  personally,  have  carefully  ex- 
cluded from  the  researches  carried  out  in  my  clinic  on  the  metabolism  of 
gout  [Kraus,  Leber,  Eaufmann  and  Mohr  (7)]  those  patients  in  whom 
the  condition  of  the  urine,  heart,  arteries,  blood-pressure,  etc.,  suggested 
renal  changes.  Others  seem  to  have  followed  the  same  plan.  Naturally, 
owing  to  the  frequent  sequence  of  gout  and  contracted  kidney,  nephritis 
often  exerts  an  influence  on  the  nitrogenous  metabolism  of  the  gouty. 
I  believe  that  we  are  now  in  a  position  to  say  that  arthritis  urica  itself, 
without  the  co-operation  of  nephritis,  may  disturb  the  normal  equilibrium 
of  the  nitrogen  excretion.  This  is,  however,  not  always  the  case,  for 
absolutely  normal  relations  are  sometimes  present,  according  to  the 
figures  of  Magnus-Levy,  Eaufmann  and  Mohr,  Brugsch  and  Soetbeer  (12). 
One  should  no  longer  speak  of  a  "  retardation  of  the  protein  meta- 
boUsm."  This  idea  is  frequently  advocated  in  the  older  writings,  and 
plays  a  great  part  in  the  theory  of  E.  Pfeiffer  (13).  On  the  other  hand, 
the  question  has  been  recently  raised  whether  or  not  the  nudein  meta- 
bolism is  especially  retarded.  To  this  end  the  work  of  SchmoU,  and  more 
particularly  of  Vogt,  Eaufmann  and  Mohr,  and  Beach  (7)  is  directed. 
The  investigations  should  serve  to  decide  the  question  as  to  how  the 
gouty  patient  reacts  to  the  intake  of  nuclein.  Vogt's  patient  promptly 
excreted  phosphoric  acid  on  a  diet  containing  nuclein,  while  the  nitrogen 
was,  to  a  great  extent,  retained  in  the  body  and  gradually  excreted 
later.  How  uncertain  it  is  to  draw  general,  and  at  the  same  time  valid, 
conclusions  regarding  the  nuclein  metabolism  of  the  gouty  from  such 
experiments  is  indicated  by  the  similar  investigations  of  Eaufmann 
and  Mohr  (10).  They  show,  on  the  basis  of  their  extensive  research 
material,  that  the  comparison  of  the  nitrogen  and  phosphoric  acid  equili- 
brium is  not  generally  applicable  to  the  solution  of  this  question.  More 
important,  it  seems  to  me,  is  the  establishing  of  the  faet  that  gouty 
patients,  after  the  addition  of  uric  acid  forming  materials  (nuclein)  to 
the  diet,  remarkably  often  exhibit  retarded  and  lessened  uric  acid  output 
when  compared  with  healthy  subjects  under  similar  conditions  [Vogt, 
Eaufmann  and  Mohr,  Beach,  and  Soetbeer].  According  to  the  investi- 
gations of  Soetbeer,  this  fact  is  very  neatly  shown  if  the  hourly  as  well 
as  the  daUy  curve  of  the  uric  acid  excretion  is  studied.  Although  indi- 
vidual observations  show  other  results  [Weintraud,  SchmoU  (15)],  yet, 
according  to  the  results  recently  obtained  by  reliable  methods,  decrease 
(or  slowing)  of  the  uric  acid  excretion  (as  compared  with  that  of  the 
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healthy  subject)  seems  to  be  the  role,  while  a  promptly  increased  output 
appears  to  be  the  exception.  This  is  certainly  an  extremely  important 
fact,  and  one  to  which  frequoit  reference  will  be  made.  It  indicates 
qualitative  and  quantitative  changes  in  the  breaidng-down  of  nucleia, 
and  especially  of  its  purin  nucleus.  One  should  not,  in  this  connection, 
jump  to  the  conclusion  of  renal  insufficiency,  and  endeavour,  by  this 
means,  to  explain  the  inadequate  elimination  of  uric  acid.  For,  in  the 
first  place,  in  all  the  patients  who  were  subjects  of  investigation  no  signs 
of  nephritis  were  present,  and,  secondly,  patients  with  severe  kidney 
lesions  do  not  react  to  uric  acid  forming  food  as  well  as  do  healthy  sub- 
jects, but  still,  they  react  much  better  than  do  the  gouty  patients. 


m.— THE  DIGESTIVE  ORGANS. 

1.  General  Relations. 

Some  cases  of  gout  are  characterized  by  disturbances  of  the  gastro-in- 
testinal  functions.  These  disorders  are  usually  manifested  by  constipation 
and  flatulence.  In  other  cases,  fortunately  rare,  a  tendency  to  severe 
but  controllable  diarrhoea  is  observed.  Both  conditions,  associated  with 
nausea  and  anorexia,  are  often  precursors  of  the  gouty  paroxysm,  so 
that  the  impression  is  given  that  these  conditions  have  to  do  with  the 
development  of  the  acute  attack.  Many  authors — as,  for  instance,  Grube 
(16),  and,  with  greater  reserve,  Magnus-Levy  and  Minkowski  (1) — attach 
much  importance  to  this  temporary  relationship  and  to  the  etiological 
connection  derived  from  it.  I  have  for  many  years  very  carefully  followed 
this  question  in  at  least  thirty  cases  who  have  suffered  with  regular 
typical  attacks  of  gout.  In  these,  with  very  few  exceptions,  the  acute 
attack  developed  without  any  sort  of  a  dyspeptic  precursor.  In  the 
first  place,  along  with  the  appearance  of  the  gouty  paroxysm,  certain  dis- 
turbances were  evident  which  differed  neither  in  intensity  and  duration, 
nor  in  their  characteristics,  from  those  disorders  which  are  observed  in 
every  irregularity  of  the  general  health,  and  especially  in  acute  febrile 
conditions.  On  the  other  hand,  it  is  not  to  be  denied  that  gouty  sub- 
jects suffer  from  many  gastric  disorders.  The  gouty  individual  has  suffi- 
cient occasion  to  contract  such  gastro-intestinal  disturbances.  Apart 
from  the  medicinal  treatment,  he  is  also  dietetically  maltreated,  because 
this  or  that  substance  is  forbidden — ^usually  without  rhyme  or  reason — 
BO  that  a  condition  of  one-sided  nutrition  arises  which  carries  in  its  train 
digestive  disturbances,  especially  an  atonic  condition  of  the  bowel. 
Mention  must  also  be  made  of  those  influences  which  are  prejudicial  to 
the  digestive  functions.  Among  these  may  be  cited  the  courses  of  alkalis 
(sodium  bicarbonate,  uricedin)  and  of  alkidine  mineral  waters  (Fachingen, 
Neuenahr,  Vichy)  which  it  is  customary  to  prescribe.  Many  gouty 
patients  owe  their  gastric  disorders  to  the  same  causes  which  are  at 
work  in  other  patients  who  suffer  from  stomach  trouble.  On  account  of 
the  frequency  with  which  digestive  disturbances  of  the  most  variable 
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kind  arise,  and  owing  to  the  tendency  of  so  many  patients  to  react  to 
every  irregularity  of  the  general  health  by  disorders  of  the  digestive 
functions,  the  most  careful  critical  inquiry  is  necessary  in  this  connec- 
tion. One  does  not  seem  to  be  warranted  in  drawing  far-reaching 
theoretical  conclusions  r^arding  the  etiological  interpretation  of  digestive 
disturbances  in  gout  from  the  clinical  facts,  as  Grube  (16)  and,  recently, 
Palkenstein  (17),  have  done  in  reviving  the  old  hypotheses. 


2.  The  Saliva. 

Edinger  (18),  whom  we  must  thank  for  his  valuable  researches  on 
the  importance  of  the  sulpho-cyanates  to  the  animal  organism,  asserts 
that,  in  the  subjects  of  the  *'  uratic  diathesis,'*  the  sulpho-cyanide  reaction 
of  the  saliva  cannot  be  obtained.  After  the  administration  of  the  sulpho- 
cyanates  to  such  cases  the  reaction  is  positive,  but  it  disappears  in  about 
three  weeks.  I  was  unable  to  find  that  the  lack  of  such  compounds  in 
the  saliva  was  typical  and  regular.  I  treated  the  saliva  of  four  gouty 
patients  with  ferric  chloride  during  my  consultation  hours.  Thrice  the 
reaction  was  positive,  once  it  was  negative.  This  latter  patient  had 
just  finished  a  course  of  mercurial  treatment,  which  regularly  occasions 
a  n^ative  sulpho-cyanate  reaction  in  the  saliva  for  some  time. 

For  the  excretion  of  uric  acid  in  die  saliva,  see  Index. 


3.  Secretion  of  Hydroehlorle  Acid  In  the  Stomaeh. 

Magnus-Levy  (3)  observed  that  while  the  HGl  production  was 
decreased  during  severe  attacks,  it  was  normal  in  milder  attacks.  In 
chronic  cases  with  moderate  degrees  of  acidity  free  Hd  was  usually 
absent ;  Magnus-Levy  attributed  this  either  to  the  chronicity  of  the  gouty 
condition,  or  to  alcoholism.  Grube  (16)  in  seven  cases  of  severe  chronic 
gout  failed  to  detect  Hd  four  times.  I  found  in  four  patients  no  free 
HQ  during  the  acute  attack  (a  phenomenon  which  other  febrile  condi- 
tions likewise  show).  Between  the  attacks — as  I  have  reported  pre- 
viously— ^the  secretion  varied  considerably ;  even  hyperacidity  sometimes 
occurred.  In  the  course  of  the  last  two  years  I  have  devoted  special 
attention  to  the  question  with  reference  to  Falkenstein's  work.^  I  had 
the  opportunity  to  obtain  the  following  figures  in  the  cases  of  six  robust 

i  FalkensteSn  believes  that  diminished  HCl  seoretion  is  the  primary  trouble  in  gout, 
and  that,  owing  to  this,  the  decomposition  of  nuolein,  and  espeoiiuly  the  oxidation 
of  uric  acid  to  urea  and  oxalic  acid,  is  restricted.  As  a  result  the  system,  according  to 
Falkenstein,  becomes  overloaded  with  uric  acid,  and  gout  follows.  Administration  of 
HCl  facilitates  the  decomposition  of  uric  acid,  and  lessens  the  uric  acid  output  in  the 
urine,  so  that  this  is  a  natural  and  unfailing  therapeutic  amnt  in  gout.  I  will  not  go 
into  the  deductions  of  Falkenstein  (19),  whiSi  stand  in  marked  contrsat  to  the  physio- 
logiflftl  facts  as  we  at  present  are  able  to  interpret  them.  However,  the  followinff  facts 
may  be  advanced  against  his  hypothesis :  (1)  There  are  numerous  pathological  con- 
ditions in  which  HCl  is  absent  from  the  stomach  for  months  and  years  without  a  condition 
of  gout  arismg.  (2)  There  are  numerous  gouty  patients  who  excrete  normal  amounts 
of  Hd.  (3)  When  the  largest  permissible  doses  of  Hd  are  given  to  persons  who  are  under 
thesamedietary  regulations,  the  excretion  of  uric  acid  is  not  diminished,  or  only  temporarily 
so  (for  one  to  two  days).  In  such  oases  a  slight  transient  increase  occurs  (personal 
investigations). 
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middle-aged,  non-alcoholic,  gouty  subjects.  The  stomach  contents  were 
examined  after  test  breakfasts,  which  consisted  of  four  crackers  and 
8  to  16  ounces  of  tea.  The  contents  were  removed  from  the  stomach 
thirty-five  to  forty  minutes  after  the  beginning  of  the  breakfast. 


Ca$t. 

Total  Acidiiy. 

Free  HCL 

VetCmt 

Percent. 

1 

0-24 

0-16 

2a 

0-27 

0-16 

26 

0-24 

0-16 

2e 

0-29 

0-20 

3 

0-18 

(yo% 

4 

0-30 

0*18 

5 

0-26 

0-12 

6 

0-16 

— 

Deficient  HCl  excretion  does  not  appear  to  be  characteristic  of  gout. 
When  such  a  condition  does  obtain,  it  must  be  considered  as  a  complica- 
tion due  to  gastritis  of  general  inanition. 


4.  Intestinal  Putretaetion. 

The  intestinal  putrefaction  of  protein  may  be  markedly  increased 
in  acute  cases.  Magnus-Levy  (3)  often  found  enormous  amounts  of 
indican  in  the  urine  in  acute  attacks.  By  oxidation  of  this  chromogen 
a  red  pigment  (indigo  red  ?)  was  frequently  observed,  which  was  easily 
soluble  in  amyl  alcohol.  The  subjects  of  chronic  gout  excrete  abnormal 
quantities  of  chromogen,  frequently  over  long  periods.  The  observa- 
tions of  Oechsner  de  Goninck  (20),  and  those  made  in  my  wards,  confirm 
these  statements.  Yet  typical  severe  gouty  attacks  occurred  in  which 
only  a  normal  indican  reaction  was  obtainable.  Two  patients  of  Gross- 
mann  showed  an  increased  indican  reaction  so  long  as  they  were  under  the 
influence  of  a  meat  diet.  On  changing  to  a  purin-free  diet,  the  indican 
quickly  disappeared. 


5.  Absorption  of  Food. 

The  results  of  the  experiments  on  the  assimilation  capacity  of  the 
gouty  are  very  remarkable.  The  first  investigations  on  the  metabolism 
in  gout,  which  Vogel  carried  out  under  my  direction,  showed  a  marked 
loss  of  nitrogen  in  the  faces,  as  the  fsecal  nitrogen  was  less  than  10  per 
cent,  of  the  nitrogen  of  the  food  in  only  two  out  of  seven  cases.  Thirty 
experiments  were  made  on  the  assimilation  of  sixteen  gouty  patients  by 
Vogel,  Schmoll,  Magnus-Levy,  Vogt,  Elaufmann  and  Mohr  (6  and  7),  if 
we  disregard  those  cases  in  which  medicinal  agents  or  large  amounts  of 
nuclein  or  thymus  were  administered.  In  all  of  the  cases,  the  food  was 
of  such  composition  that  not  more  than  8  to  10  per  cent,  of  the  nitrogen 
ought  to  have  been  lost.    Only  five  of  the  patients  showed  good  absorp- 
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tive  fanotioiifi — that  is  to  say,  the  nitrogen  loss  in  these  cases  did  not 
exceed  8  per  cent,  of  the  nitrogeq,  intake  in  ten  experimental  periods.^ 

In  four  patients  (four  experimental  periods),  the  nitrogen  loss  lay 
between  8  and  10  per  cent. ;  this  cannot  be  r^arded  as  exactly  patho- 
logical. These  normal,  or  nearly  normal,  values  are  met  with  during 
the  gouty  paroxysm  as  well  as  in  the  intervals  between  the  attacks. 

In  ten  patients  (sixteen  experimental  periods),  the  nitrogen  was  10  to 
16  per  cent.  Among  these  there  were  nine  periods  in  which  the  loss 
was  more  than  12  per  cent.  Several  of  these  patients  excreted  much 
less  fsBcal  nitrogen  at  other  times.  The  greater  number  of  the  high 
values  appeared  during  the  gouty  attack,  although  amounts  which  were 
pathological  occurred  in  the  intervals,  especially  in  chronic  at3rpical  gout. 

Inasmuch  as  Vogel  was  able  to  prove  that,  along  with  the  abnormal 
nitrogen  values,  a  normal  absorption  of  fat  obtained  (loss  of  fat  in  the 
fflBces  between  5*01  and  7-32  per  cent,  of  the  intake),  we  concluded  that 
the  high  values  for  nitrogen  were  not  the  expression  of  a  poorer  absorp-' 
tive  power  of  the  intestine,  but  rather  that  they  yielded  evidence  in 
favour  of  an  especially  abundant  secretion  of  intestinal  juice,  or,  in  other 
words,  that  the  absorption  of  nitrogen  from  the  intestinal  canal  was  not 
too  small,  but  that  the  excretion  of  nitrogen  into  this  region  was  un- 
usually large.  A  similar  condition  occurs  in  nephritis.  Von  Noorden 
and  Ritter  (22)  found  a  low  excretion  of  fat,  and  frequently  a  very  marked 
excretion  of  nitrogen,  in  the  fflsces  of  nephritic  patients.  The  origin  of 
this  increase  in  fsecal  nitrogen  is  unknown.  Petr6n  (23)  examined  the 
fflBces  for  ^anthin  bases,  and  found  the  daily  amount  in  one  gouty  patient 
normal — that  is,  62  milligrcmnnes  (in  healthy  subjects  the  excretion 
ranges  between  60  and  100  milligrammes  (average  of  68  milligrammes). 

Petri's  method  was  not  entirely  free  from  objections.  After  the 
fflBces  had  been  treated  with  sulphuric  acid,  he  precipitated  the  bases 
with  ammoniacal  silver  solution.  By  this  procedure  a  portion  of  the 
purin  bases  would  escape  detection.  New  investigations  along  this  line 
are  much  to  be  desired.  In  this  work  one  must  make  use  of  the  better 
methods  of  Walker  Hall  or  of  M.  Krtiger  and  A.  Schittenhelm  (24),  which 
have  as  yet  not  been  applied  to  the  faeces  of  the  gouty.  According  to 
Walker  Hall  and  Schittenhelm,  the  faecal  purins  chiefly  arise  from  the 
nuclein  material  of  the  cells  of  the  alimentary  tract,  but  partly  also  from 
the  nuclein  of  the  bacteria. 

Walker  Hall  observed  that  administration  of  thymus  and  pancreas 
to  healthy  subjects  resulted  in  a  large  increase  of  faecal  purin  nitrogen. 
ILaufmann  and  Mohr  found  that  a  large  intake  of  thymus  by  a  gouty 
individual  was  followed  by  an  increased  nitrogen  and  Tfi^  output  in 
the  faeces,  but  that  the  rate  of  assimilation  was  not  much  less  than  that 
of  the  healthy  controls. 

The  exact  origin  of  the  increase  in  the  high  faecal  nitrogen  loss  of  the 
gouty  is  still  undetermined.    Perhaps  the  phenomenon  is  related  to  the 

^  The  experimental  results  are  tabulated  in  Kanfmann  and  Mohr's  paper  (7).    To 
Id  be  added  two  oaaes  with  good  absorption— that  is,  nitrogen  loss  oelo 


these  should  be  added  two  oases  with  good  absorption— that  is,  nitrogen  loss  oelow  8  per 
cent,  (in  chronic  gout  and  in  the  intervals  between  attacks  of  goat) — and  also  five  oases 
with  nnsatisfactorr  absorption  (nitrogen  loss  between  9*6  and  12*4  per  cent.).    These 
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abnonnalitieB  in  the  protein  decomposition  (see  above),  to  which  Magnus- 
Levy  has  ahready  lefeired. 

Above  all,  it  must  be  ascertained  if  the  bacterial  content  of  the  fsBces 
of  the  gouty  is  abnormally  high.  The  methods  which  are  most  applic- 
able in  this  work  are  either  that  of  Strasburger  or  that  of  A.  Schitten- 
helm  and  C.  ToUens  (25).  If  this  be  the  case,  then  a  somewhat  higher 
purin-base  content  of  the  fsBces  would  not  be  surprising,  since  a  certain 
proportion  of  the  purin  nitrogen  is  definitely  bacterial  in  origin. 


IV.— URIC  AGED  IN  GOUTY  CONDITIONS. 

1.  General. 

Although  some  of  the  already  discussed  anomalies  of  the  metabolism 
in  gout  may  contribute  more  largely  to  the  solution  of  the  etiological 
factors  concerned  than  is  at  present  admitted,  the  chief  interest  to-day 
is  centred  upon  the  formation  and  excretion  of  uric  acid.  If  one  dis- 
regards the  purely  theoretical  discussions  of  earlier  periods,  the  investiga- 
tions on  the  relation  of  uric  acid  to  gout  extend  back  only  to  Sir  A. 
Grarrod.  His  urine  and  blood  analyses  showed  that  the  gouty  patient 
excretes  less  uric  acid  on  an  average  than  the  healthy  subject ;  frequently 
only  traces  were  demonstrable.  The  decrease  is  most  marked  before 
and  during  the  attack ;  later  the  excretion  again  approaches  normal 
values.  The  uric  acid  in  the  blood  is  increased  at  the  time  when  the 
decrease  in  the  urine  is  apparent. 

Upon  these  points  were  based  Grarrod's  historically  important  theory 
of  gout  (26).  The  kidneys  of  the  gouty  do  not  excrete  uric  acid 
as  quickly  as  it  is  formed.  Under  the  influence  of  certain,  but  very 
different,  conditions  this  power  of  uric  acid  elimination  is  markedly 
reduced.  As  a  result,  there  is  an  accumulation  of  uric  acid  in  the  blood. 
When  the  uric  acid  reaches  a  certain  percentage,  an  acute  attack  follows. 
Uric  acid  is  vicariously  excreted  into  the  tissues,  where  it  may  be  later 
oxidized  and  dissolved  by  the  aid  of  inflammatory  processes.  In  this 
way  the  blood  rids  itself  of  uric  acid.  For  a  certain  time  the  uric  acid 
formation  and  excretion  are  again  maintained  within  approximately  the 
same  limits  until  new  disturbances  of  elimination  arise.  In  chronic 
irregular  gout  the  uric  acid  excretion  must  be  continuously  and  more 
uniformly  decreased ;  often  only  traces  of  uric  acid  are  to  be  found. 

In  passing  to  the  exact  investigations  of  recent  times,  the  researches 
of  Lehmann,  Banke,  Braun,  L&)orch6,  Cantani,  Bartels,  and  others  (27), 
must  be  disregarded.    They  all  confirmed  the  data  of  Garrod,  but  un- 
fortunately, like  Garrod,  they  employed  the  method  of  Heintz,  which, 
as  we  now  know,  yields  unreliable  results.    It  is  to  be  regretted  that  so 
much  legitimate  work  of  deserving  men  should  be  considered  fruitless 
on  account  of  late  recognition  of  the  faults  in  the  methods  adopted. 
It  is  now  customary  to  consider  that  uric  acid  arises  from — 
1.  The  nuclein  substances  of  the  degenerating  body  cells,  and,  as 
VOL.  m.  42 
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Burian  (28)  has  recently  shown,  the  hypoxanthin  of  muscle  tissues.  The 
purin  nucleus,  both  of  the  nudein  and  of  the  muscle  hypoxanthin,  is 
probably  formed  in  the  body  itself.  The  mode  of  synthesis  is  not  known. 
That  portion  of  the  uric  acid  which  arises  from  this  source  within  the 
body  and  appears  in  the  excretions  is  termed,  according  to  the  precedent 
of  Burian  and  Schur,  endogenous  uric  acid.  To  this  should  be  added 
the  synthetically-formed  uric  acid.  Direct  synthetic  uric  acid  forma- 
tion  plays,  according  to  Wiener  (29),  who  has  advocated  this  most 
actively,  only  a  very  subordinate  r61e  in  the  mammalian  organism. 
Recently  this  point  has  been  altogether  opposed  by  Burian  (28). 

2.  The  nudein  substances  and  purin  bases  of  the  food.  This  portion 
is  called  exogenous  uric  acid. 

In  the  formative  processes  of  uric  acid  the  following  ferments  play 
an  active  part : 

(a)  A  nuckiiaey  which  is  able  to  split  up  nudeinic  acid,  so  that  the 
purin  bases,  especially  guanin  and  adenin,  which  are  contained  therein, 
are  set  free  [Schittenhelm  (30)]. 

(b)  A  hydrdytic  ferment,  which  acts  by  disamidation,  and  converts 
guanin  into  xanthin,  and  adenin  into  hyxx)xanthin.^ 

(e)  An  ooeidase  (xanthin  oxidase),  which  converts  xanthin  and  hypo- 
xanthin into  uric  acid  [Spitzer,  Wiener,  Schittenhelm,  Burian  (32)]. 

Whether  there  are  other  influences  at  work  in  this  process  is  still 
uncertain.  The  principal  end-product  of  the  breaking-down  process  is 
uric  acid.  Uric  acid  is  present  in  excess  in  the  blood,  urine,  and  the 
gouty  deposits,  while  in  tissue  extracts  the  quantity  of  purin  bases 
exceeds  that  of  the  uric  acid,  which  then  occurs  only  in  traces.  How- 
ever, a  portion  of  the  bases  always  escapes  the  action  of  the  oxidizing 
ferment,  so  that  uric  acid  is  universally  accompanied  by  other  purin 
derivatives,  especially  in  the  urine.  Rather  wide  conclusions  have  been 
drawn  from  the  mass  relations  of  the  urinary  xanthin  bases  on  the  one 
hand,  and  the  urinary  uric  acid  on  the  other,  by  Kolisch  (40).  The  hypo- 
theses he  advanced  did  not  throw  any  light  on  the  pathogenesis  of  gouty 
processes. 

Only  a  fraction  of  the  endogenous  and  exogenous  end-products  of 
purin  metabolism  appear  in  the  urine ;  the  remainder  is  further  decom- 
posed. In  confirmation  of  the  old  feeding  experiments  with  uric  acid, 
the  uric  acid  destroying  power  of  the  tissues  has  been  shown  by  numerous 
direct  investigations  [Wiener,  G.  Ascoh,  Schittenhelm,  Burian,  and 
others  (33)].  The  kidneys,  especially,  possess  this  power  in  a  high  degree 
[Wiener,  Schittenhelm].  The  isolation  of  an  active  solution  of  a  urioo- 
lytic  ferment  has  recently  been  achieved  [Schittenhelm,  Wiener  (34)]. 

The  numerical  relation  between  the  formation  and  the  excretion  of 
endogenous  end-products  of  purin  metabolism  is  unknown.  We  know 
only  the  amount  of  such  excretion,  which  is  100  to  200  milligrammes  of 

^  Renrding  thia  ferment  a  djactusioii  has  arisen  between  Schittenhelm  (30a)  on  the 
one  hand,  and  Jones,  Partridge,  and  Wintemitz  (30b)  on  the  other  hand.  The  latter 
believe  that  they  have  detect^  two  different  ferments,  gnanase  and  adenase,  which  act 
as  disamidators  of  guanin  or  adenin.  Schittenhelm  (31)  seems,  however,  to  have  furnished 
the  conclusive  proof  that  it  is  a  question  of  only  one  ferment,  towardis  which  guanin  is. 
however,  more  resistant  than  adenin. 
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endogenous  purin  nitiogoi,  oorresponding  to  300  to  600  milligrammea 
of  uric  acid  in  a  grown  man  on  a  purin-free  diet.  As  has  been  mentioned 
in  Vol.  I.,  this  value  is  influenced  by  the  personal  factor.  It  is,  however, 
extremely  constant  for  single  individuals  [Burian  and  Schur,  Walker 
Hall,  Sivte,  Kaufmann  and  Mohr,  Rockwood  (35)].  Whether  persons 
who  excrete  large  amounts  of  endogenous  uric  acid  form  more  purin 
bodies  or  destroy  less  of  that  formed  cannot  at  the  present  time  be 
differentiated. 

In  regard  to  the  exogenous  urinary  purin,  the  question  can  be  better 
answered.  About  50  per  cent,  of  the  purin  bodies  which,  according  to 
theoretical  calculations,  may  arise  from  the  nuclein  substances,  etc.,  of 
the  ordinary  food-stuffs  reappear  in  the  urine.  The  largest  part  of  this 
(four-fifths  to  seven-eighths)  is  found  as  uric  acid,  while  a  small  part 
(one-eighth  to  one-fifth)  is  excreted  as  alloxur  bases  [Burian  and  Schur, 
Walker  Hall  (36)].  Kaufmann  and  Mohr,  as  well  as  Magnus-Levy,  justly 
call  attention  to  the  fact  that  individual  factors  also  play  a  rdle  in  this 
connection.  The  value  of  60  x>er  cent,  given  above  must  be  regarded 
only  as  the  average  figure.  Although  further  investigation  of  a  large 
number  of  individuals  is  still  necessary  to  establish  the  true  physiological 
limits  of  this  value,  which  I  estimate,  according  to  my  own  determina- 
tions, as  40  to  56  per  cent.,  yet  it  is  indeed  remarkable,  and  doubtless 
legitimate,  that  about  50  per  c^it.  should  universally  prevail  as  the 
average  value.  This  was  diown,  for  instance,  in  the  recent  investiga- 
tions of  von  Rzentkowski  and  of  B.  Bloch  (36a). 


2.  Uric  Add  Excretion  in  the  Gouty  under  Ordinary       j 
Non-restricted  Diet. 

When  the  wide  variations  of  this  as  well  as  of  other  important  factors 
are  considered,  it  is  not  surprising  that  the  peculiarities  of  the  uric  acid 
excretion  of  the  gouty  were  so  late  in  being  recognised.  As  my  treatise 
on  "  The  Pathology  of  Metabolism  "  appeared  twelve  years  ago,  I  was  then 
obliged  to  write  that  a  typical  course  of  the  uric  acid  excretion  did  not 
obtain  in  arthritis  urica.  I  pointed  out  that  this  might  be  due  to  the 
fact  that  high  and  low  values  appeared  both  in  acute  and  chronic  gout 
so  irr^rolarly  as  not  to  permit  of  the  recognition  of  any  special  rela- 
tions. 

To  a  certain  extent  the  same  thing  is  true  to-day.  When  the  series 
of  figures,  which  have  been  obtained  without  any  Gfystematic  regard  to 
the  diet,  are  reviewed,  it  will  be  seen  that  the  values  vary  within 
the  limits  of  healthy  subjects  (37).  No  one  can  decide  from  single,  or 
even  from  a  large  number  of  uric  acid  determinations,  whether  or  not  he 
has  to  do  with  a  case  of  gout.  If  the  average  values  obtained  in  health 
are  compared  with  those  observed  in  gout,  almost  identical  figures  are 
obtained.  The  peculiarities  which  occur  during  the  acute  attack  are 
discussed  later. 

Fully  recognising  these  facts,  Pfeiffer  (38)  endeavoured  to  take  a  new 
standpoint  of  the  uric  acid  question  in  gout  by  advancing  the  concep- 
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tion  of  ^^eaaily''  and  "difficultly*'  separable  uric  acid.  As 
separable  "  he  regards  the  urinary  uric  acid  which  is  deposited  on  filter- 
ing through  a  "  uric  acid  filter."  This  uric  acid  should  be  increased  in 
gout  at  the  expense  of  the  "difficultly  separable*'  uric  acid.  This 
analytical  method,  for  which  a  pre-eminent  diagnostic  value  was  claimed, 
has  long  been  regarded  as  inadmissible,  and  to-day  no  one  speaks  of  the 
theory  which  is  based  upon  it  (39).  These  questions  have  at  the  present 
time  no  importance  except  as  regards  the  origin  and  solution  of  uric 
acid  renal  calculi — ^that  is  to  say,  as  regards  a  disease  which  is  veiy  remote 
from  gout  (see  chapter  on  Drink  Cures). 


3.  Relation  of  Uric  Aeld  to  Purin  Bases. 

A  further  peculiarity,  to  which  Kolisch  (40)  referred,  has  likewise  not 
been  confirmed.  Kolisch  regarded  the  kidney  as  the  seat  of  uric  acid 
formation,  the  uric  acid  arising  from  the  other  alloxur  bodies  through 
the  specific  action  of  the  kidney  epithelium.  This  process  is  disturbed 
both  in  gout  and  in  nephritis,  and  the  alloxur  bases  of  the  urine  are  con- 
sequently increased  in  gout,  while  the  uric  acid  is  lessened  both  abso- 
lutely and  relatively — ^that  is,  in  relation  to  the  alloxur  bases.  More- 
over, the  metabolism  of  the  gouty  patient  furnishes  cause  for  increased 
formation  of  alloxur  bases.  Kolisch,  therefore,  took  exception  to  the 
name  uric  acid  diathesis,  and  regarded  gout  as  an  alloxur  diathesis. 

The  figures  upon  which  Kolisch  based  his  theory  were  obtained  by 
the  Kriiger-Wulff  method.  This  method  gave  inexact  results,  and 
Kolisch's  view  fell  to  the  ground  when  newer  and  more  reliable  methods 
showed  that  in  gouty  subjects  the  normal  relations  of  uric  acid  and  the 
purin  bodies  were  unaltered.  The  following  examples  illustrate  this 
point : 


Auihor. 

Pwrin 

Uric  Acid 

Urie  Acid  N. 

Duration  of 

Bemarka, 

NUro9tn, 

NUrogen, 

Purin  Ba9€  N. 

BxpcTuncni, 

yunfmimii 

and  Mohr : 

Gm. 

Om. 

Om. 

DuTB. 

Case  20 

0-149 

0-126 

6-6 

Interval        > 

„    21 

0-140 

0-130 

140 

6^ 

M 

I 

„    22 

0-204 

0-166 

4-2 

3 

•  » 

„    23 

0-201 

0-164 

4-4 

4 

Aonte  goat 

„    24 

0-182 

0-141 

4-4 

2 

ft 

■t 

..    26 

0-161 

0-131 

4-4 

6 

Walker  HaU: 

Caae    4 

0-064 

0-067 

8-1 

6 

Chronic  gout 

% 

„      6 

0-071 

0H)63 

10-6 

6 

j^ 

' 

Average 

0-146 

0-122 

,6-1 

__ 

Kaufmann 

and  Mohr: 

Case  41 

0-301 

0-261 

6-6 

4 

Acute  gont    ' 

>n 

„    42 

0-240 

0-214 

8-2 

3 

t» 

g 

M    43 

0-230 

0-211 

11-0 

2 

»> 

•^i* 

M    39 

0-676 

0-294 

1-1 

4 

Chronic  gont 

■|r 

Benjamin: 

Case  33 

0-096 

0-094 

6-8 

1 

^ 

Cases  34-37 

0-436 

0-374 

60 

4 

::    J 

£ 
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As  a  normal  average  for  a  porin-free  diet  (first  part  of  the  table)  we 
find  0*12  to  0-20  gramme  porin  nitrogen  and  0-10  to  0*18  gramme  urio 
arid  nitrc^en.  The  relation  of  urio  aoid  nitrogen  to  base  nitrogen  variea 
betweea  four  and  eight  to  one.  Only  two  values  shown  in  the  above 
table  point  to  a  much  narrower  relation  than  these  normal  quotients. 

Exact  consideration  of  the  recently  obtained  information  regarding 
the  physiological  uric  acid  excretion  has  disclosed  a  few  further  peculi- 
arities which  obtain  in  gout.  Unfortunately,  the  number  of  available 
investigations  is  still  very  small,  so  that  much  is  left  for  the  future  to 
detennine. 


4.  Urte  Add  Bxeretlon  of  the  Oonty  on  Porln-froe  Diet. 

The  study  of  the  uric  acid  excretion  on  a  purin-firee  diet  is  of  especial 


value. 


Aidlior. 

^dro^en. 

Uric  Add. 

Avtmgeol 
Number  of 

ata^  0/ the  Disease. 

On. 

Om. 

Lftqaer 

— 

0-213 

6 

Ghrooio. 

Stranas 

-^ 

0-362 

6 

»» 



0^52 

3 

Aonte  sttaok. 

fihrtWMiwftnn 



0-619 

6 

jj 

-^ 

0-622 

6 

»t 

*   — 

0-361 

1 

Slight  MQto  sttaok. 

— 

0-279 

3 

C9mmio. 

Soetbeer 



0-420 

1 

9$ 

.^ 

0-896 

3 

,, 

.1. 

0-302 

2 

AttMk,  withont  lever. 



1-07 

2 

AttMk. 

... 

0-67 

10 

Interna. 

.. 

0-67 

8 

Attack. 



0-34 

11 

InterraL 

0-26 

.^ 

10 

Attack. 

BnigMli 

0-19 

_ 

14 

Interval. 

0-18 



11 

Attack. 

0-12 



6 

Interral. 

0-21 

... 

8 

Attack. 

.0-16 

^ 

4 

InterraL 

Von     Nooidao      and 

Hohliep 

— 

0-462 

4 

C9ironio. 

[(1)  .. 

— 

0-310 

6 

•t 

(2)  .. 

— 

0-321 

4 

ft 

Yon  Noordea 

{3a).. 

-^ 

0-676 

2 

Attock. 

(3b).. 

— . 

0-397 

2 

Interral. 

.(3c).. 

-^ 

0-402 

3 

(one  year  later). 

(1)  .. 

.. 

0-396 

6 

t» 

(2a).. 

— 

0-416 

3 

Chronic. 

-^ 

0-416 

11 

»» 

— 

0-346 

12 

»• 

Sohliep 

{«  ii 

— 

0-449 

4* 

»t 

(5)  .. 

— 

0-678 

3 

tr 

(6)  .. 

.. 

0-393 

6 

tf 

(7)  .. 

^ 

0-622 

7 

Aonte  attack. 

U8)  .. 

_ 

0-601 

6 

ft 

Kanfnuum  wH  Mohr 

/  0-140 
10-139 

0-391 
0-396 

6 
3 

The  same  patient  four 

For  farther  examplea,  ooneolt  the 
A.  T.  Laiid,  Walkei  HaU  (73.  97. 119). 


works  of  Fntcher.  Chalmers  Wataon,  W.  Bain, 
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A  glance  at  the  table  will  reveal  the  fact  that  the  values  chiefly  lie 
within  normal  limits.  Yet  these  values,  apart  from  those  obtained  during 
the  acute  paroxysms,  approximate  more  nearly  the  lower  than  the  upper 
limits. 

Unfortunately,  only  a  few  investigations  have  been  continued  for 
long  periods.  Kaufmann  and  Mohr  observed  during  the  attack-free 
periods  somewhat  greater  variations  than  normally  occur  on  a  purin- 
free  diet.  In  another  case  which  was  investigated  three  months  after 
the  last  and  six  weeks  before  the  next  attack  I  also  observed  marked 
variations  in  the  excretion  of  endogenous  uric  acid.  The  determinations 
commenced  on  the  fifth  day  of  the  purin-free  diet. 


toy. 

Urie  Acid. 

Day. 

Urie  AM. 

6 
6 

7 
8 

Qm. 
0-521 
0-328 
0-361 
0-298 

9 
10 
11 
12 

Om. 
0-487 
0-661 
0-472 
0*444 

Still  greater  variations  were  present  in  the  cases  of  Brugsch,  although 
all  of  his  patients  were  observed  in  the  periods  showing  frequent  severe 
and  mild  attacks,  which  both  previously  and  subsequently  influence  the 
excretion  of  uric  acid. 


5.  Uric  Acid  Excretion  of  the  Oouty  on  Purln-contalnlng  Diet. 

Variatuma  of  the  ExcreHon  on  a  Constani  Diet. 

Gkmxxl,  as  is  known,  taught  that  the  excretion  of  uric  acid  is  always 
markedly  lessened  in  chronic  atypical  gout.  This  error  arose  from  the 
inadequacy  of  the  method  employed,  and  to  the  fact,  further,  that  patients 
with  chronic  gout  eat,  as  a  ride,  little  meat.  If,  however,  a  gouty  indi- 
vidual takes  as  much  meat  and  other  purin-containing  substances  as  a 
healthy  subject,  then  the  uric  acid  figures  do  not  differ  essentially  the 
one  from  the  other.  In  spite  of  this,  certain  amounts  of  uric  acid  may, 
in  the  sense  of  Garrod,  remain  behind  in  the  body  ;  for  a  uric  acid  value 
which  differs  from  the  normal  daily  average  only  by  a  few  centigrammes 
will  always  appear  normal,  although  the  daily  repetition  of  the  same 
insignificant  retention  may  result  in  the  retention  of  considerable  amounts 
of  uric  acid  as  time  goes  on.  These  amounts  would  be  sufficiently  large 
to  explain  the  increased  uric  acid  content  of  the  blood  and  the  uric  acid 
deposition  in  the  tophi.  As  a  matter  of  fact,  a  few  observations  point 
to  the  possibility  that  a  certain  degree  of  retention  may  obtain  in  spite 
of  an  apparently  normal  uric  acid  elimination.  When  ^e  patients  were 
kept  on  absolutely  the  same  diet,  I  occasionally  observed  a  sudden 
and  marked  increase  of  uric  acid  on  one  or  two  or  three  successive 
da3rs.  This  increase  amounted  to  200  to  250  milligrammes.  In  the  two 
cases  which  are  presented  in  the  following  table,  and  which  were  observed 
in  the  attack-free  interval,  the  daily  diet  contained  400  grammes  (raw 
weight)  of  beef  along  with  purin-free  food-substances.  The  uric  acid 
estimations  began  on  the  third  day  of  this  diet. 


MirrABOLiSH  m  goxtt 
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UrieAeid. 

Aiy. 

OMel. 

OMeS. 

Om. 

Om. 

0*61 

0-72 

0-68 

0-76 

0*59 

0-68 

0-78 

0-54 

0-80 

0-82 

8 

0*65 

0-86 

9 

..^ 

0-66 

10 

— 

0-77 

It  is  not  impossible  that  disBimilar  purin  nitrogen  content  of  the  meat 
was  partially  responsible  for  the  above  differences,  yet  the  variations  are 
too  great  to  permit  of  the  assumption  that  this  is  the  only  cause.  This 
course  of  excretion  agrees  throughout  with  what  has  been  said  regarding 
endogenous  uric  acid.  The  nitrogen  values  vary  markedly,  inasmuch  as 
the  intake  of  purin-free  food-substances  was  left  to  the  individual  inclina- 
tion of  the  patient. 

I  regard  as  very  important  the  spontaneous  variations  of  the  uric 
acid  excretion  which  arise  in  the  course  of  the  attack-free  intervals, 
because  they  suggest  the  line  of  treatment  necessary.  The  indication 
is  to  induce  this  condition,  which  at  times  appears  of  itself,  and  which 
evidently  leads  to  a  certain  degree  of  purification  of  the  blood  as  regards 
uric  acid.  Only  a  few  substances  are  known  to  exert  definite  influences 
on  the  uric  acid  excretion.  This  is  not  the  place  to  discuss  these  thera- 
peutic points  of  view  in  detail,  although  a  few  especially  important  influ- 
ences ought  to  be  mentioned  (45). 

Alkalis  have  little  action  on  the  uric  acid  output.  They  may  slightly 
lessen  the  excretion;  they  rarely  induce  an  actual  increase  (see  Drink  Cures). 


Author. 

E«^. 

Duraiion. 

Urie 
Acid. 

Bemarka. 

Eadogenous  urio  acid 

Average  of 

6  days 
Average  of 

Om. 
0-213 

— 

Laquer 

Same  food + 1  bottle  Faoh- 

0-240 

„^ 

inffer  water  and  16  gm. 
sodiain  bicarbonate 

3  days 

Fixed  pmin-free  diet : 
Without  alkaU 

3  days 

o-64n 

With  6  gm.  sodium  bi- 

2     „ 

0-580 

Gout   and   slight 

oarbonate 

diabetes. 

Without  alkaU 

2     „ 

0-660. 

YonNoofden' 

Punn-free  food : 
Without  alkaU 
With  6  gm.  sodium  bi- 
carbonate 
Purin-free  food +160  gm. 
beef  (raw  weight): 

2     „ 
2     ,. 

0-662 
0-636 

Gout    with    con- 
tinuous     slight 
feverlessattackB. 

Without  alkaU 

4     „ 

0-666\ 

With    6    gm.    sodium 

8           M 

0-646 

Gout ;  continuous 

bioarbonate+1  bottie 

sUght    feverless 

Faohinger 

attacks. 

Without  alkaH 

6     „ 

0-666 
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Auihor, 

WiOmA  Alkali. 

WUh  Alkali. 

Gm. 

Om. 

Gm. 

fO-49 

0-43 

12  sodium  bicarbonate. 

0*42 

0-46 

12      „ 

0-67 

0-66 

12      „ 

0*46 

0-41 

12      „ 

0-46 

0-40 

12      „ 

0-68 

0-26 

O'2-l  lithium  oarbonate. 

W.His 

< 

0-46 

0-41 

0-2-1        M 

0-46 

0-43 

0-2-1 

0-62 

0-46 

0-2-1        „ 

0-66 

0-60 

0-2-1        „ 

0-27 

0-23 

0-2-1        ., 

0-67 

0-42 

0-2-1 

1 0-68 

0-38 

Faohinger  salte  (Sandow). 

Sodium  salicylate  causes  a  marked  transitory  increase  in  the  uric  acid 
excretion,  even  when  purin-free  food  has  been  continued  for  several  years 
[Walker  HaU  (44)]. 

Alcohol  does  not  act  uniformly  in  gout  (45).  In  a  few  oases  lowering 
of  the  uric  acid  elimination  was  observed — as,  for  instance,  by  Leber 
(preceding  period  0-212  gramme  uric  acid,  alcohol  period  0-201  gramme, 
subsequ^it  period  0-266  gramme).  Still  more  marked  was  the  result  in 
the  case  of  a  fifty-year-old  gouty  patient  who  was  afflicted  with  exten- 
sive tophi,  but  was,  at  the  time  of  observation,  free  from  an  attack.  I 
allowed  him  to  take,  along  with  a  purin-free  diet,  80  c.c.  of  cognac  daily 
during  the  four  days  of  the  alcohol  period. 


Preoeding  period  (four  dajrs) 
Alcohol  period  (four  dajs) 
Subsequent  period  (two  dajs) 


Uric  Acid. 

Om. 
..  0-406 
..  0-281 
..     0-412 


Bscheburg  investigated  this  point  in  three  gouty  patients.  Alcohol 
produced  no  effect  on  an  old  woman,  who  showed  extremely  low  uric 
acid  values.  The  uric  acid  excretion  of  an  old  man  in  the  stage  of  chronic 
inactive  gout  decreased  under  the  influence  of  60  grammes  of  alcohol 
from  0-18  to  0*24  gramme  (on  a  meat-free  diet)  to  0*15  to  0*20  gramme. 
In  the  case  of  a  fifty-five-year-old  gouty  subject,  who  received  160  grammes 
of  meat  in  addition  to  his  purin-free  diet,  the  uric  acid  excretion  increased 
after  the  use  of  60  grammes  of  alcohol  from  0-66  gramme  to  1  *08  grammes 
(four-day  period).  Whether  this  increase  is  traceable  to  the  alcohol 
remains  uncertain.  Moreover,  this  patient  showed  remarkably  large 
variations  in  his  uric  acid  excretion  (on  a  purin-free  diet  0*24  to  0*70 
gramme  as  the  average  values  of  periods  of  several  da3rs). 

Weak  saline  mineral  waters  very  frequently  cause  an  increased  excre- 
tion of  uric  acid.  Kissingen,  Bakoczy,  and  Homburg  (Elizabeth  Spring) 
waters  were  investigated  in  this  connection  (see  Drink  Cures). 

All  of  the  patients  who  were  examined  in  this  regard  were  in  the 
attack-free  stage  of  gout.    The  sudden  increased  excretion  of  uric  acid, 
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vhich  appears  in  part  spontaneously,  and  in  part  after  use  of  mineral 
waters,  etc.,  has  all  of  the  characteristios  of  a  critical  excretion,  and 
seems  to  indicate  a  preceding  retention.  These  increased  excretions 
appeared  without  any  sort  of  a  change  being  evident  in  the  external 
symptoms  of  the  patient.  If  one  has  not  earlier  noticed  this  spontaneous 
increase  of  the  uric  acid  excretion  which  occurs  in  the  course  of  chronic 
gout,  then  the  failure  to  do  so  is  probably  traceable  to  the  fact  that  he 
has  not  observed  the  patients  long  enough  under  absolutely  the  same 
dietary  conditions.  Or  possibly  the  patients  were  allowed  too  much 
variety.  As  a  result  of  this  the  uric  acid  excretion  fluctuates  more  or 
less,  and  the  natural  independent  variations  tixus  escape  notice. 

It  must  be  the  object  of  still  further  investigation  to  decide  whether 
the  fluctuations  of  the  uric  acid  excretion  are  constantly  associated  with 
the  previously  mentioned  variations  in  the  excretion  of  nitrogen. 


6.  Uric  Acid  Excretion  after  the  Addition  of  Purlns  to  the  Dietary. 

A  further  i>eculiarity  is  noted  in  the  behaviour  of  uric  acid  following 
the  administiation  of  purin-containing  food.  Although  a  few  observa« 
tions  on  this  point  were  previously  known,  Soetbeer  recently  emphasized 
the  fact  that  the  increase  observed  in  the  uric  acid  excretion  of  the  gouty 
after  addition  of  purin  substances  to  the  diet  appeared  more  slowly,  and 
did  not  reach  such  high  values  as  in  the  healthy  subject.  This  increase 
was  not  found  in  every  case  and  in  eveiy  stage  of  the  disease,  although 
it  was  frequent  enough  to  show  that  in  the  gouty  tissues  certain  obstacles 
are  raised  against  the  excretion  of  uric  acid. 

The  work  of  Kaufmann  and  Mohr,  Soetbeer,  and  Brugsch  gives  abso- 
lutely conclusive  proof  in  regard  to  this  point.  The  results  of  personal 
observations,  which  are  given  in  the  following  table,  complete  the  above 
findings.  The  largest  part  of  these  investigations  was  conducted  by  my 
assistant,  Schliep.  After  the  endogenous  uric  acid  content  of  the  urine 
was  determined,  the  patients  received  for  two  to  three  da3rs  a  certain 
amount  of  flUet  of  beef,  which  was  of  such  composition  that,  for  every 
100  grammes  of  raw  wei^t,  0-03  gramme  of  purin  nitrogen  (the  equivalent 
of  0-00  gramme  of  uric  acid)  should  be  excreted  in  the  urine  both  on  the 
meat  da3rs  and  on  the  first  one  to  two  purin-free  days  of  the  subsequent 
period.  The  purin-base  nitrogen  may  be  neglected,  inasmuch  as  the 
general  consensus  of  opinion  is  that  addition  of  meat  increases  the  uric 
acid  to  a  considerable  extent,  and  the  purin  bases  only  to  a  very  insig- 
nificant degree  (see  table,  p.  664). 

The  table,  whose  subject-matter  far  exceeds  that  published  elsewhere 
up  to  the  present  time,  shows  that  great  differences  exist  in  the  reaction 
of  gouty  patients  to  intake  of  purin-containing  substances.  Very  often 
the  excretion  was  all  that  could  be  desired.  Such  observations  have 
been  made  by  Weintraud,  Magnus-Levy,  Rommel  (46).  The  poiat  now 
remains  to  determine  the  conditions  which  retard  or  increase  the  uric 
acid  elinunation.    With  the  reservation  that  many  supplementary  in- 
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vestigations  are  still  necessary,  the  following  points  seem  to  me  to  be 
evident  from  what  is  known  at  the  present  time  : 

1.  There  are  spontaneous  periods  of  sufficient  and  periods  of  deficient 
uric  acid  excretion. 


Coat, 

From  the  AddUion  of  Meat^ 

BemarU 

EzpsetadUrle 
Add. 

fiMdiaadnrio 
Add. 

FtorOonl 

Om. 

Gul 

1 

0-72 

0-36 

SO 

Ctacme. 

2a 

1-44 

0-71 

49 

Interval. 

2b 

108 

0-20 

19 

Before  attaok. 

2c 

0-72 

030 

41 

Two  weeks  later. 

3 

1-08 

0-84 

80 

Chronic. 

4 

0-72 

oil 

15 

Gouty  joints. 

6 

0-72 

0*42 

58 

CSuonio  (no  acute  attack  for  three 
months). 

6 

0-72 

0-78 

100 

Tophi  (no  acute  attack  for  yean). 

7 

0-72 

0-27 

37 

8 

0-72 

— 

— 

Continuous  slight  attacks. 

9a 

0-72 

0*28 

40 

Continuous  slight  attacks. 

Ob 

0-46 

0-37 

80 

One  week  later  (slighter  purin  addi- 
tion). 
Chronic  (for  six  months  no  attack). 

10a 

0-72 

0-35 

48 

10b 

0-72 

0-68 

94 

Eighteen  months  later:  Between 
period  purin-poor  food  without  any 
special  treatment ;  no  new  attacks. 

llA 

0-72 

0-62 

88 

No  attaok  for  two  years. 

llB 

0-72 

0-24 

33 

Eighteen  months  later :  Two  months 
before  the  estimations  severe  at- 

taok. 

12 

0-72 

014 

20 

Marked  attack. 

13 

0-72 

019 

26 

Just  after  attack;  swelling  not  yet 
disappeared. 

2.  The  excretion  is  markedly  retarded  and  diminished  during  the 
time  of  the  gouty  paroxysm  (periods  of  frequent  attacks,  Nos.  2b,  4, 
7,  8,  9a). 

3.  The  reaction  to  the  intake  of  smaller  amounts  of  purin  bodies  may 
be  good,  while  it  is  poor  towards  larger  amounts  (9a  and  9b). 

4.  Longer  administration  of  a  diet  poor  in  purin  bodies  seems  to 
increase  the  power  of  eliminating  uric  acid  (10a  and  IQb). 

On  the  basis  of  these  points  of  view  von  Noorden  and  L.  Schliep  pro- 
posed to  determine  in  every  case  of  gout  the  power  of  excreting  the  purin 
material  which  was  given  the  patient,  and  to  calculate  from  this  the  amount 
of  purin-containing  food-substances  (especially  meat)  which  should  be 
allowed  to  the  individual  patients  (see  also  44).  This  is  practically  a 
determination  of  the  patient's  tolerance,  similar  to  that  which  one 
employs  in  estimating  the  amount  of  carbohydrate  for  a  diabetic.  As 
meat  does  not  contain  absolutely  uniform  amounts  of  purin  material,  it 
would,  it  is  true,  be  theoretically  more  correct  to  use  weighed  amounts 
of  meat  extract  or  of  nuclein  for  the  tolerance  tests.  In  purely  scientific 
investigations  one  must  in  the  future,  following  the  suggestion  of  B.  Bloch, 
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adopt  this  plan.    However,  for  practical  purposes  the  tolerance  deter- 
minations with  meat  are  quite  sufficient. 

Whoever  ascribes  to  the  kidney  the  primary  cause  of  uric  acid  reten- 
tion in  the  gouty  (see  below)  will  explain  the  retardation  of  uric  acid 
excretion  after  intake  of  purin  by  the  assumption  of  an  anatomical  lesion 
in  the  kidney,  or  at  least  of  a  functional  insufficiency  of  this  organ.  This 
is  not  tenable,  because  nephritic  patients  react,  even  in  the  later  stages 
of  disease,  more  promptly  to  addition  of  purin  substances  than  do  the 
gouty.  A  few  of  the  figures  which  my  assistant,  Schliep,  obtained  are 
reported  in  the  section  on  Nephritis  in  Vol.  II. 


7.  The  Urie  Add  Bzeretlon  during  the  Aente  Attaek  of  Gout. 

Among  the  earlier  voluminous  and  somewhat  confused  data  on  the 
uric  acid  excretion  during  the  gouty  attack,  those  of  Pfeiffer  (46)  are 
conspicuous  as  the  first  investigations  which  led  to  certain  results.  He 
asserted  emphatically  and  repeatedly  that  the  uric  acid  of  the  urine  was 
by  no  means  lessened,  as  Oarrod  advocated,  but  was  frequently  markedly 
increased,  as  in  the  paroxysmal  uric  acid  shower.  Similar  evidence  in 
favour  of  this  view  was  found  in  the  series  of  figures  which  Ebstein  and 
Sprague  and  Vogel  (47)  published  soon  afterwards.  The  deductions  made 
by  Pfeiffer  from  his  ascertained  facts  have  not  gained  a  wide  acceptance. 
Through  the  investigations  of  His  and  of  Magnus-Levy  (49)  the  uric  acid 
shower  observed  in  gouty  attacks  has  received  its  first  recognition. 
Although  in  these  experiments  sufficient  attention  was  not  directed  to 
the  quantity  and  quality  of  the  food,  the  results  were  quite  definite.  In 
some  of  the  cases  there  was  an  immediate  rise  in  the  uric  acid  output ; 
in  others  the  excretion  rose  during  the  second  or  third  day  of  a  severe 
attack  up  to  2  to  5  decigrammes  and  more  above  the  former  values,  and 
often  remained  abnormally  high  for  several  days.  Similar  observations 
were  noted,  as  has  been  already  mentioned,  by  Vogel,  Ebstein  and 
Sprague,  Badt,  Watson,  and  others  (37).  This  increased  excretion  is 
accepted  as  a  permanent  and  regular  fact  in  the  works  of  Minkowski 
and  of  Wiener.^ 

The  increase  which  is  noted  at  the  time  of  the  gouty  attack,  and  which 
is  especially  conclusive,  is  observed  even  when  the  patient  is  on  a  purin- 
freediet. 

Example  from  BrugMh's  Work  (7) :  Punn^free  Diet  {Gate  JL), 

Udo  Add  (Om.X 
AcuteatUck  {g:J^ 


Foiir  days'  interral 
Acute  attack 
Later  days  of  the  attack 
Slight  attack 


0*376  (average) 

0*618  (one  day) 

0*376  (average  of  eight  days) 

0*685  (average  of  two  dajrs) 


^  Definite  proportional  relations  between  the  extent  of  the  uric  acid  shower  and  the 
severity  of  the  attack  were  not  recognisable,  especially  in  the  cases  of  Magnus-Levy  and 
of  Bmgsch. 
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One  must  regard  this  paroxysmal  uric  acid  shower  as  t3rpical  to  a 
certain  extent,  although  exceptions  are  known  (one  observation  of  His, 
two  others  of  Zagari  (9)  and  of  Vogt  (7)]. 

Often  a  slight  decrease  in  the  uric  acid  excretion,  which  lasts  for  one 
to  two  da3rs,  precedes  the  increase.  This  first  period  of  depression,  as  it 
has  been  called,  is,  however,  not  a  regular  phenomenon.  It  is  com- 
pletely lacking  at  times,  and  does  not  alone  suffice  to  explain  the  uric 
acid  shower  which  immediately  follows  it. 

Much  more  regular  is  the  marked  decrease  of  the  uric  acid  excretion 
which  follows  the  increase,  and  which  is  designated  the  second  period  of 
depression.  This  appears  even  during  the  height  of  the  gouty  swelling, 
or  immediately  after  its  subsidence.  At  this  time  the  excretion  of  exo- 
genous purin  bodies  is  markedly  affected.  Brugsch's  calculations  from 
the  tables  of  ILaufmann  and  Mohr  (7)  illustrate  this  point : 

In  their  observation  No.  41  such  a  patient  received  about  300  grammes 
of  calves*  thymus  on  each  of  four  da3rs.  A  total  increase  of  about  1*2 
grammes  in  the  purin  nitrogen  of  the  urine  was  to  be  expected.  There 
were  actually  excreted  only  0-471  gramme  of  this,  and  that,  too,  only 
after  some  delay. 

In  their  investigation  No.  42  an  increased  excretion  of  0*90  gramme 
nitrogen  was  to  be  expected  (300  grammes  of  calves*  thymus  on 
each  of  three  da3rs).  However,  only  0*187  gramme  appeared  in  the 
urine. 

In  the  periods  which  were  more  remote  from  the  acute  attacks,  the 
excretion  of  the  purin  substances  which  were  administered  was  much 
more  favourable  (observations  Nos.  39  and  40). 

As  has  been  already  mentioned,  the  diminution  of  uric  acid  which 
often  immediately  precedes  the  attack  is  not  sufficient  to  compensate 
for  the  excess  which  appears  during  the  attack.  One  must  assume  a 
retention  of  uric  acid  which  has  extended  over  a  long  period  of  time. 
Nothing  is  known  for  certain  regarding  this,  although  there  is  much 
which  points  to  such  a  conclusion. 

When  Pfeiffer  first  observed  the  paroxysmal  uric  acid  shower,  he  con- 
sidered it  as  a  long-continued  retention  followed  by  a  sudden  overloading, 
and  assumed  that,  for  some  reason  or  other,  the  alkalinity  of  the  blood 
and  of  the  tissue  juices  was  increased,  and  that  the  uric  acid  consequently 
was  dissolved  in  the  gouty  deposits.  This  led  to  the  further  view  that 
the  dissolved  uric  acid  causes,  on  the  one  hand,  gouty  inflammation,  and 
on  the  other  the  uric  acid  shower  in  the  urine,  the  preceding  uric  acid 
retention  being  the  cause  of  the  paroxysmal  uric  acid  shower.  Pfeiffer 
has  now  probably  discarded  the  untenable  idea  that  the  alkalinity  rela- 
tions of  the  blood  were  of  importance  in  this  connection.  An  explana- 
tion of  the  irregular  phenomena  of  gout  by  changes  in  the  alkalinity  of 
the  blood  and  lymph  is  not  now  admissible.  It  is  more  practical  to  think 
of  other  chemical  processes  which  exert  an  influence  on  the  combination 
and  solution  of  uric  acid.    I  will  refer  to  this  point  later. 

A  further  question  is  whether  the  increase  of  the  uric  acid  excretion 
has  the  same  origin  as  that  observed  in  other  non-gouty  acute  febrile 
conditions — that  is  to  say,  whether  it  is  the  result  of  toxogenic  decom- 
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podtionof  protein  in  which  the  nudein  subetanoes  of  the  body  are  at  the 
same  time  concerned. 

I  must  raige  this  question,  although  I  do  not  believe  that  it  can  be 
answered  in  the  afiBrmative.  According  to  the  figures  of  Pfeiffer,  His, 
and  Hagnus-Levy,  the  uric  acid  increase  in  gouty  attacks  is  still  greater 
than  is  observed  in  the  correspondingly  severe  febrile  conditions  of 
different  origin.  It  is  to  be  hoped  that  later  more  exact  metabolic  in- 
vestigations which  have  to  do  with  the  excretion  of  nitrogen  and  of  "Pfis, 
as  well  as  of  uric  acid,  will  disclose  what  part  of  the  uric  acid  increase 
during  the  gouty  attai^  must  be  referred  to  toxogenio  tissue  decomposi- 
tion, and  what  part  to  the  specific  gouty  process. 

Meanwhile  all  the  points  which  have  been  settled  seem  to  indicate 
that  uric  acid  retention  occurs  in  the  goaty  subject,  and  that  this  reten- 
tion may  be  markedly  interrupted  by  increased  uric  acid  excretion  during 
the  acute  attack,  and  lees  markedly  influenced  in  the  attack-free  intervals. 


8.  Uric  Aeld  in  the  Blood. 

(a)  The  Uric  Add  Conienis  of  the  Blood. 

If  we  trace  the  metabolic  processes  a  step  further  back  we  find,  in 
the  first  place,  an  increase  of  uric  acid  in  the  blood.  This  fact  was  dis- 
covered by  Garrod,  and  at  one  time  appeared  to  clear  up  the  mystery 
of  gout. 

The  few  known  facts  may  be  detailed  as  follows  : 

1.  Only  traces  of  uric  acid  can  be  detected  in  normal  blood. 

2.  In  conditions  which  are  accompanied  by  marked  nuclein  decom- 
position— for  instance,  in  pneumonia  and  leuchamia — uric  acid  can  be 
demonstrated  in  the  blood.  To  this  group  belong  also  the  ingestion  of 
excess  amounts  of  thymus  [Weintraud  (60)],  of  meat-extract  [Strauss  (51)], 
and  of  nuclein  [Bloch  (51b)],  as  well  as  of  an  excessive  meat  diet  [Schur 
(51a)].  The  explanation  of  the  condition  is  very  evident.  The  increased 
amount  of  uric  acid  which  arises  from  the  decomposing  tissues  or  from 
ihe  food  is  taken  up  by  the  blood,  and  the  kidneys  can  hardly  keep 
pace  with  the  mass  brought  to  them  for  excretion.  The  values  are 
often  higher  than  are  ever  observed  in  gout,  but  uric  acid  is  not 
deposited  in  the  tissues,  not  even  in  the  chronic  uricacidsBmia  which 
accompanies  lenchffimia. 

3.  In  nephritis  the  uric  acid  of  the  blood  is  increased  [Garrod,  von 
Jaksch].  In  this  case  it  is  not  an  increased  supply,  but  rather  a  reten- 
tion arising  from  the  renal  insufficiency,  which  is  the  cause  of  the  condi- 
tion. Since  the  diseased  kidney,  especially  the  contracted  kidney  of 
chronic  interstitial  nej^iritis,  excretes  large  amounts  of  uric  acid,  and 
markedly  increases  this  excretion  if  proper  substances  are  administered, 
it  has  been  assumed  that  the  uric  acid  of  the  blood  must  first  reach  a 
higher  level  before  the  diseased  kidney  is  capable  of  excreting  it  [Magnus- 
Levy  (3)]. 

Even  if  the  overloading  of  the  blood  with  uric  acid  which  is  observed 
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in  nephritiB  continues  for  months  and  years,  it  does  not,  as  a  role,  lead 
to  gout.    I  will  discuss  this  point  again  later. 

4.  Li  gout  the  blood  contains  increased  quantities  of  uric  acid.  It 
is  Garrod's  immortal  service  to  have  recognised  this  fact,  in  spite  of 
imperfect  methods  of  detection  (so-called  thread  test).  When,  however, 
he  concluded  from  the  results  of  his  reactions  that  uric  acid  accumulates 
in  the  blood  before  the  acute  attack,  and  is  considerably  diminished  after 
the  paroxysm,  he  went  rather  too  far.  In  five  quantitative — ^but  not 
trustworthy — estimations,  Garrod  (52)  found  26,  30,  60,  11,  176  milli- 
grammes of  uric  acid  in  1,000  c.c.  of  blood.  Isolated  blood  examinations 
by  Salomon  (63),  and  four  such  determinations  by  G.  Klemperer  (64), 
showed  a  similar  uric  acid  increase  (44,  67,  88,  91  milligrammes  of 
uric  acid  in  1,000  c.c.  of  blood).  Yet  these  figures  do  not  permit 
any  definite  inference  as  to  the  relations  of  uric  acid  during  the  attack 
and  in  the  attack-free  periods.  We  must  thank  Magnus-Levy  (3)  for 
the  first  comparative,  and  at  the  same  time  comprehensive,  investiga- 
tions along  these  lines  Ahirty-four  researches  on  seventeen  patients). 
In  1,000  c.c.  of  blood  hb  found  30  to  80  milligrammes  of  uric  acid. 
The  average  values  were  60  to  70  milligrammes  of  uric  acid  in  1  litre  of 
blood,  or,  calculated  in  terms  of  total  volume  of  blood,  260  to  360  milli- 
grammes. Valid  variations  in  the  uric  acid  content — ^that  is,  an  increase 
preceding  and  during  the  attack — as  Garrod,  Bence-Jones,  Charcot, 
Ranke,  Duckworth  (66)  taught,  and  as  Salomon  also  thought  he  had 
found,  were  not  observed  by  Magnus-Levy. 

It  is  not  necessary  in  this  place  to  enter  into  a  discussion  regarding 
the  results  which  Haig  (66)  wished  to  add  to  the  above,  for  his  method 
of  determining  the  uric  acid  in  the  blood  is,  as  Luff  (67)  has  already 
emphasized,  absolutely  useless. 

These  analyses  of  the  blood  contents  do  not  at  all  suffice  to  explain 
the  excretion,  for  the  blood-serum  is  able  to  dissolve  much  more  uric 
acid  than  it  is  called  upon  to  do,  either  in  health  or  in  disease  [Klem- 
perer (64)].  This  work  of  Klemperer  has  been  minimized  by  the  sug- 
gestion that  the  uric  acid  may,  perhaps,  be  destroyed  and  not  actually 
dissolved.  Some  observations  which  I  carried  out  immediately  after 
the  appearance  of  Klemperer's  investigations  appeared  to  indicate  that 
solution  and  destruction  of  uric  acid  may  go  hand  in  hand. 

Klemperer  added  to  the  serum  a  weighed  amount  of  uric  acid,  digested 
the  mixture  for  four  hours  with  frequent  shaking,  and  weighed  the 
residual  uric  acid.  I  supplemented  this  by  a  direct  uric  acid  estimation 
of  the  blood  so  treated :  160  c.c.  of  serum,  obtained  at  the  b<^inning 
of  a  severe  attack  of  gout,  were  divided  into  two  equal  parts.  The  first 
half  contained  6*9  milligrammes  of  uric  acid  (the  equivalent  of  86*2  milli- 
grammes in  1  litre).  The  other  half  was  treated  in  the  manner  prescribed 
by  Klemperer  with  302  milligrammes  of  chemically  pure  uric  acid.  There 
remained  undissolved  160  milligrammes,  while  bom  the  serum  was  ob- 
tained 41  milligrammes.  Thus  34  milligrammes  of  uric  acid  were  dis- 
solved by  the  serum,  which  now  contained  612*6  milligrammes  in  a  litre. 
There  remained  268  milligrammes  of  uric  acid  to  be  accounted  for. 

In  a  later  publication  Klemperer  (68)  stated  that  uric  acid  was  de- 
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Biroyed  during  the  miziiig  with  the  total  volume  of  blood,  and  that  oxalio 
acid  and  urea  were  formed.  On  the  other  hand,  Trenkner  found  that 
the  serum  of  healthy  and  diseased  subjects  does  not  dissolve  uric  acid. 
In  fact,  he  found  that  serum  loses  its  uric  acid  dissolving  power 
after  incubation.  Bitter  (58a)  had  reported  earlier  that  already  dis- 
solved uric  acid  could  be  again  separated  from  the  serum.  Trenkner 
did  not  investigate  any  blood-sera  which  were  obtained  from  gouty 
patients.  It  is  perhaps  an  accident,  perhaps  an  important  finding, 
that  some  serum  I  obtained  during  an  acute  attack  showed  a  strong 
uric  acid  dissolving,  and  at  the  same  time  a  marked  uric  acid  destroying, 
power. 

Taylor  (58b)  estimated  the  solubility  of  uric  acid  in  the  blood-serum 
of  oxen,  and  found  it  to  be  1  : 1,000 — ^that  is,  thirty-five  to  forty  times 
greater  than  in  distilled  water.  The  alkalinity  is  not  responsible 
for  this,  because  the  serum  was  intentionally  acidified,  and,  moreover, 
the  normal  blood  is  generally  neutral ;  free  cations  are  not  present  therein 
[Frankel,  Farkas,  Hober  (58c)].  The  taking  up  of  uric  acid  by  the 
blood-serum  does  not  change  its  electric  conductivity.  From  this  fact 
Taylor  justly  concludes  that  the  uric  acid  does  not  exist  in  simple  solution, 
but  in  some  firm  organic  combination. 

This  exhausts  the  facts  which  we  know  regarding  the  uric  acid  of  the 
blood.  Of  the  true  nature  of  the  combination  in  which  uric  acid  cir- 
culates we  are  quite  ignorant. 

(b)  The  Uric  Acid  OorUeM  of  the  Blood  in  Gaid  and  Nephritis. 

The  diminution  of  uric  acid  in  the  urine  of  the  gouty — ^which  the 
older  methods  unduly  accentuated — ^the  overloading  of  the  blood  with 
uric  acid  in  gout  and  in  nephritis,  and  the  frequent  coincidence  of  both 
diseases,  have  induced  a  number  of  investigators  to  assume  that  in  gout 
the  excretory  power  of  the  kidney  as  regards  uric  acid  is  interfered 
with,  even  in  those  cases  in  which  no  clinical  signs  point  to  nephritis. 
The  primary  cause  of  the  uric  acid  retention  in  gout  lies,  according  to 
Garrod,  in  the  kidney.  Later  authors  went  further  than  Garrod,  and 
spoke  not  only  of  functional  disturbances  of  the  kidney,  but  also  of  ana- 
tomical changes  (especially  interstitial  nephritis)  as  conditions  prelimi- 
nary to  gout.  Recently  Levison  and  Luff,  and,  with  certain  reservations, 
also  Strauss  (58a),  have  advocated  the  same  view.  Levison  and  Luff 
showed,  in  a  very  laige  series  of  post-mortems  in  Denmark  and  in  England, 
that  in  cases  of  interstitial  nephritis,  uric  acid  deposits  in  the  articular 
cartilages  are  very  frequently  found,  although  the  condition  was  not 
suspected  during  life.  Stripped  of  all  unnecessary  detail,  this  means 
that  the  retention  of  uric  acid  in  the  blood  and  the  remaining  phenomena 
of  gout  are  the  results  of  a  primary  disease  of  the  kidney.  In  certain 
cases  both  nephritis  and  gout  are  amenable  to  clinical  diagnosis.  In 
other  cases  nephritis,  and  in  still  others  the  uric  acid  diathesis,  remain 
for  a  long  time,  perhaps  even  up  to  the  end  of  life,  clinically  free  from 
symptoms  and  unrecognised.  No  one,  I  am  sure,  will  have  the  courage 
to  infer  from  the  Oarrod-Levison  theory  that  gout  has  not  a  special 
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place  in  nosology,  and  is  only  an  associated  condition,  or,  at  most,  a 
complication  of  nephritis. 

The  figures  of  Levison  and  Luff  show,  in  the  first  place,  that  nephritis 
and  gout  occur  in  the  same  individual  more  frequently  than  was  formerly 
assumed.  They  recall  to  us  the  facts  that  harmful  influences,  especially 
alcoholism  and  saturnism,  and  also  heredity,  play  an  acknowledged 
part  in  the  etiology  of  both  diseases.  It  is  not  possible  to  show  the 
dependence  of  gout  on  interstitial  nephritis  by  statistics.  So  much  the 
less  likely  is  this  as  these  statistical  data  are  not  absolutely  suited  to 
every  series  of  oases  observed.  Minkowski  (1)  has  sought  in  vain  for 
uric  acid  deposits  in  the  cadavers  of  typical  cases  of  interstitial  nephritis. 
It  is  to  be  noted,  however,  that  his  material  was  not  laige.  Weigert, 
at  my  instigation,  for  many  years  always  opened  the  metatturso- 
phalangeal  joint  of  nephriticSy  but  very  exceptionally  found  deposits  of 
urates. 

I  lay  more  weight  upon  the  negative  evidence  than  upon  the  positive 
results  of  Levison  and  others,  inasmuch  as  these  latter  may  perhaps  be 
influenced  by  local  conditions.  It  appears  that  continuous  overloading 
of  the  blood  with  uric  acid  (nephritis)  does  not  necessarily  lead  to  gout, 
and,  moreover,  that  this  overloading  is  not  followed  by  uric  acid  deposi- 
tion without  the  accession  of  another,  still  unknown,  specific  gouty 
factor. 

(c)  Causes  of  Uricasmia. 

When  there  is  an  increased  formation  of  uric  acid,  it  is  not  difficult 
to  account  for  the  uricsemia.  In  gout,  however,  except,  perhaps,  in  the 
acute  attack,  there  is  no  reason  to  assume  an  overproduction  of  uric  acid. 
As  a  rule,  nuclein-poor  food  is  prescribed  for  the  gouty  individual,  and 
— again  disregarding  short  transitory  periods — ^no  signs  are  obtained  of 
an  increased  decomposition  of  nuclein  beyond,  perhaps,  an  increased 
phosphoric  acid  excretion. 

It  lies  much  nearer  to  hand  to  assume  a  deterioration  of  the  excretory 
conditions.  This  assumption  cannot,  at  any  rate,  be  rejected  on  such 
good  grounds  as  the  teaching  of  an  overproduction  of  uric  acid.  In 
this  connection  two  hypotheses  present  themselves. 

1.  With  the  appearance  of  the  gouty  condition  the  kidney  cells  are 
so  influenced  by  unknown  toxic  substances  that  they  are  able  to  with- 
draw uric  acid  from  the  blood  only  when  the  solution  tension  of  this 
acid  reaches  a  higher  limit  than  is  the  case  in  nephritis  (Magnus-Levy  (3), 
Minkowski  (59)]. 

We  must  assume  a  renal  insufficiency  of  a  peculiar  specific  type,  for 
which  no  anatomical  basis  is  known.  Such  functional  disturbances 
without  anatomical  changes  are  familiar  to  us  to-day.  I  recall  in  this 
connection  what  was  said  regarding  the  function  of  the  pancreas  in 
diabetes.  It  is  not  practicable  to  distort  the  facts  and  to  diagnose  a 
latent  nephritis  as  the  cause  of  the  gouty  processes,  and  especially  of  the 
uric  acid  retention,  in  those  cases  in  which  no  other  clinical  sign  points 
to  a  nephritis.  If  a  renal  insufficiency  as  regards  uric  acid  is  actually 
the  cause  of  the  overloading  of  the  blood  and  tissues  of  the  gouty  with 
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uric  acid,  then  it  must  be  of  a  difFerent  type  to  that  which  obtains  in 
ordinary  nephritis.  For,  aside  from  the  meet  extreme  cases  of  nephritis, 
the  uric  acid  elimination  of  the  nephritic  patient  is  incomparably  better 
than  that  of  the  gouty  subject. 

The  baneful  influence  of  the  specific  gouty  process  might  in  time  extend 
its  line  of  attack,  and  thus  lead  to  the  clinical  picture  of  the  gouty  kidney 
(anatomically  a  granular  kidney).  Gout  produces  nephritis  according  to 
this  view,  but  nephritis  does  not  produce  gout.  Nephritis,  once  established 
— ^no  matter  whether  in  dependence  on  gouty  processes  or  as  an  indepen- 
dent complications-can  then  further  assist  in  the  overloading  of  the  blood 
with  uric  acid.  I  call  to  mind  the  conditions  in  diabetes  mellitus.  This 
frequently  leads  to  albuminuria,  and  pure  nephritis  occurs  as  one  of  its 
complications.  The  nephritis  may,  in  its  turn,  aid  in  increasing  the 
hyperglycsemia. 

2.  Uric  acid  circulates  in  gouty  blood  in  a  combination  which  makes 
it  less  capable  of  being  excreted  in  the  urine.  Pfeiffer  (46)  was  the  first 
to  express  this  view,  but  he  made  the  mistake  of  laying  altogether 
too  much  stress  on  the  alkalinity  of  the  blood.  On  the  basis  of 
other  confirmatory  evidence,  Minkowski  (60)  arrived  at  the  same  con- 
clusion. Simultaneously  with  Goto  (61),  Minkowski  showed  that  uric 
acid  can  enter  into  combination  with  other  cleavage  products  of  nucleinic 
acid,  especially  with  thymin  or  nucleotin-phosphoric  acid.  This  finding 
has  been  confirmed  by  His  (62).  Thus  combined,  uric  acid  is  not  pre- 
cipitable  by  acids,  and  escapes  detection  by  the  ordinary  methods  of 
examination,  unless  the  compound  is  previously  broken  up  by  boiling 
with  dilute  sulphuric  acid. 

According  to  Minkowski,  under  normal  conditions  uric  acid  probably 
circulates  in  this  form  in  the  blood,  and  as  such  is  easily  dealt  with  by 
the  renal  cells.  It  is  extremely  doubtful,  however,  whether  it  is  really 
nucleinic  acid  and  its  derivatives  which  are  responsible  for  the  trans- 
portation of  the  uric  acid  through  the  blood.  The  addition  of  the  sodium 
salt  of  a-thymo-nudeinic  acid  to  the  intravenously  injected  uric  acid 
does  not,  in  animal  experiments,  facilitate  the  uric  acid  excretion  [Schit- 
tenhelm  and  Bendix  (63)].  Above  all,  no  one  has  succeeded  in  demon- 
strating the  presence  of  a  compound  such  as  the  nucleotinic-acid-uric 
acid  combination  in  the  blood. 

In  spite  of  this,  the  existence  in  the  blood  of  some  sort  of  an  organic 
uric  acid  compound,  which  is  of  importance  for  the  circulation  of  uric 
acid,  seems  very  plausible.  The  uric  acid  is  completely  precipitated 
from  the  acidified  urine  by  the  use  of  the  centrifuge  [W.  His].  The 
uric  acid  is,  thm,  actually  present  as  uric  acid.  In  the  case  of  the  blood- 
serum  it  is  quite  another  matter.  From  200  c.c.  of  blood-serum,  ob- 
tained from  an  animal  fed  with  excess  of  nuclein-containing  food, 
8  milligrammes  of  uric  acid  were  found  by  analysis,  while  after  centri- 
fuging  only  4-3  milligrammes  were  recovered  [Bloch  (51b)].  Hence  a 
part  of  the  uric  acid  is  more  firmly  bound,  but  not  in  the  form  of  a  salt. 
The  why  and  wherefore  of  this  is,  however,  still  completely  obscure. 
To  become  master  of  this  question  is  certainly  one  of  the  most  important 
problems  in  the  investigations  of  gout. 
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9.  The  Urle  Aeld  Deposits. 

The  gouty  deposits,  which  are  at  one  time  slight,  at  another  exten- 
sive, and  are  observed  in  the  cartihigee,  articular  sheaths,  tendons, 
muscles,  skin,  etc.,  impress  one  as  being  legitimate  ofiEspring  of  the 
gouty  diathesis.  These  deposits  are  pathognomonic.  When  they  are 
present,  the  diagnosis  of  gout  is  certain,  aside,  perhaps,  from  a  few 
exceptions.  This  statement  cannot,  however,  be  reversed,  for  there  are 
typical  cases  of  gout  in  which  uric  acid  deposits  are  lacking,  or  are 
present  only  in  traces.  The  early  stages  of  the  disease  may  be  cited  in 
this  respect.  The  patient  is  often  a  victim  of  gout  for  a  long  time  before 
the  deposits  appear  and  bring  the  diagnosis  within  the  sphere  of  the 
senses.  The  gouty  inflammatory  processes  in  the  joints,  tendons,  and 
muscles  may  be  considered  as  fundamentally  equivalent  to  the  tophi. 
One  is  an  acute,  the  other  a  chronic,  process.  The  most  important  facts 
in  this  connection  are  the  following  : 

1.  The  deposits  consist  essentially  of  sodium  biurate  [WoUaston, 
1797].  The  analysis  of  two  tophi  gave  the  following  composition  of  the 
dry  substance  [Ebstein  and  Sprague  (64)]. 
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The  deposits  have  certain  favourite  sites,  among  which  the  joints, 
which  are  affected  by  the  inflammatory  processes  of  gout,  are  especially 
conspicuous.  Yet  they  may  occur  in  ahnost  any  part  of  the  body. 
The  nervous  system  alone  seems  to  possess  a  certain,  if  not  an  absolute, 
immunity.  Regarding  the  frequency  of  their  appearance  in  the  various 
parts  of  the  body,  text-books  of  pathology  and  of  pathologic  anatomy 
may  be  referred  to. 

The  sluggish  circulation  within  the  cartilaginous  tissues  has  been 
considered  the  cause  of  the  predilection  of  such  tissues.  Lnportant 
and  interesting  investigations  regarding  the  chemical  relations  between 
uric  acid  and  cartilaginous  material  have  been  recently  published 
[Almagia,  Pfeiffer  (64a)].  Cartilage  possesses  an  especially  high 
physical  and  chemical  absorptive  power  for  urates.  It  is  in  a  position 
to  attract  urates,  which  are  introduced  into  the  circulation.  If  it  is 
true,  as  has  been  frequently  emphasized  in  this  chapter,  that  retention 
of  uric  acid  is  present  in  gout,  then  the  discoveries  of  Almagia  have 
advanced  us  much  nearer  the  recognition  of  the  pathogenesis  of  uric  acid 
deposits  and  of  their  localization. 

2.  Uric  acid  is  toxic,  and  induces  inflammatory  processes  in  the  surround- 
ing tissues.  It  does  this,  however,  only  if  it  is  in  a  strong  concentrated 
solution.    Solid  needles  of  sodium  biurate  do  not  stimulate  the  adjacent 


METABOLISM  IN  GOUT  673 

tissues,  bat  rather  act  only  as  foreign  bodies  [Ebstein,  von  Loghem  (66)]. 
Fever  appears  as  a  general  reaction  [Soetbeer  and  Ibrahim  (8)].  In  con- 
firmation of  Garrod's  old  teaching,  Freudweiler  and  His  (66)  observed 
the  appearance  of  inflammatory  foci  after  injection  of  mono-sodium  urate. 
The  course  and  resolution  of  these  foci  showed  the  greatest  similarity 
to  the  acute  inflammatory  foci  of  gout.  They  assumed  on  good  grounds 
that  the  urate  must  be  partly  brought  into  solution  before  it  can  exert 
its  toxic  action.  In  this  they  approximate  the  hypothesis  of  Ebstein, 
the  first  part  of  which  runs  as  follows  :  The  dissolved  uric  acid,  which 
circulates  in  the  tissue  juices,  leads,  if  local  stasis  be  present,  to  inflam- 
mation, and  later  to  necrosis.  Witii  the  toxic  properties  of  uric  acid 
the  foUowing  facts  are  in  accord.  Frequently  the  local  processes, 
which  are  dependent  on  the  action  of  uric  acid,  proceed  with  violent 
acute  inflammation  and  marked  febrile  reaction,  while  at  other  times  these 
processes  develop  very  slowly  without  any  striking  phenomena,  and 
with  sluggish  reaction  of  the  tissues.  Other  poisons  act  similarly.  The 
kind  of  tissue,  the  condition  of  the  circulation,  concentration  of  the 
poison,  continuance  of  its  action,  tolerance  of  the  system,  and  production 
of  antitoxines  determine  the  di£Ferences.  This  theory  has,  it  is  true,  one 
point  of  attack.  The  chemical  demonstration  of  increased  amounts  of 
uric  acid  in  the  fresh  gouty  foci  of  inflammation  is  lacking.  It  is  not 
sufiBcient  that  uric  acid  be  found  in  exceedingly  dilute  concentration 
in  the  exudate  of  gouty  joints  [Magnus-Levy  (3)],  for  this  acid  is  present 
also  in  different  exudates  and  transudates  which  occur  in  patients  in  whom 
there  is  not  the  slightest  suspicion  of  arthritis  urica  [Naunyn,  Pickardt 
(67)].  The  possibility  remains  that  another  specific  toxic  substance  is 
tiie  real  poison  [von  Noorden,  likhatsohefif  (68)].  It  may  be  that  uric 
acid  is  produced  in  the  diseased  tissues  (von  Noorden),  and  cannot,  as 
a  result  of  the  chemical  peculiarities  of  the  process,  be  held  in  solution, 
and  thus  be  carried  away ;  or  it  may  be,  owing  to  the  chemical  pecu- 
liarities of  the  process,  that  the  uric  acid  is  precipitated  in  the  diseased 
tissues  from  the  circulating  fluids  [Klemperer,  Strauss,  opposed  by 
Freudweiler  (69)].  In  view  of  the  certain  relation  of  uric  acid  to  the 
local  and  general  phenomena  of  gout,  in  view  of  the  demonstration  of 
uric  acid  in  the  later  stages  of  the  attack,  and  in  view  of  its  undoubted 
properties  of  producing  Inflammation  and  fever,  it  seems  almost  un- 
necessary that  a  second  irritant  should  be  deemed  the  causative  factor 
in  the  inflammatory  process.  Tet,  notwithstanding  this,  we  may  regard 
it  odIj  as  a  possibility — at  most  as  a  probability — ^that  uric  acid  is 
the  true  aU-suflSdent  cause  of  the  acute  and  chronic,  local,  inflam- 
matory, and  trophic  changes  of  gout. 

3.  All  attempts  to  explain  the  deposition  of  crystals  by  changes  in 
the  alkalinity  of  the  blood  and  tissue  fluids  have  failed.  Just  as  un- 
certain are  the  changes  in  molecular  concentration.  The  solution 
of  the  solid  needles  is  also  not  a  result  of  changes  in  alkalinity,  but  is 
brought  about  by  phagocytosis  and  by  the  fermentative  processes  which 
are  associated  with  it. 

When  I  reject,  at  this  time,  the  relations  between  the  anomalies  of 
tissue  and  blood  alkalinity  and  the  deposits  of  urates,   this  refers 
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primarily,  as  I  expressly  state,  only  to  gout  in  man.  In  this  connection 
there  is  not  the  slightest  evidence  in  favour  of  the  presence  of  such 
relations.  It  should  not  be  disputed  that,  in  cases  of  artificial  deposits 
of  urates  (intramuscular  injection  of  uric  acid,  etc.),  the  introduction 
of  acids  and  of  alkalis  into  the  body  plays  an  important  part  in  the  fate 
of  the  injected  urates  [von  Loghem  (69a)].  Uric  acid,  injected  into  dogs, 
vanishes  completely  in  the  tissues.  However,  deposits  of  urates  are 
obtained  in  dogs  at  the  site  of  the  injection  if  large  doses  of  sodium 
bicarbonate  are  given  to  them.  The  conversion  is  brought  about,  ac- 
cording to  von  Loghem,  by  an  exudation  which  contains  leucocytes. 
The  case  is  different  with  rabbits.  Urates  are  formed  from  the  injected 
uric  acid,  simultaneous  administration  of  hydrochloric  acid  retarding 
or  preventing  this  process.  No  evidence  has  as  yet  been  obtained 
which  will  explain  the  appearance  and  disappearance  of  the  spontaneous 
gouty  deposits  in  man. 

What  is  the  cause  of  the  absolutely  different  behaviour  of  uric  acid 
in  gout  as  contrasted  with  other  diseases  ?  To  bring  into  the  for^round 
the  alkalinity  of  the  fluids  and  tissues  seemed  to  the  old  school  the  easiest 
solution.  Garrod,  Cantani  and  Pfeiffer  regarded  the  lessening  of  the 
general  alkalinity  of  the  blood,  while  Ebstein  considered  rather  the 
local  variations  of  the  tissue  alkalinity.  The  theory  of  Pfeiffer  (46) 
is  the  most  worthy  of  mention  and  the  best  conceived.  Lessening  of 
the  alkalinity  of  the  blood  should  bring  about  a  deposition  of  urates. 
If,  then,  the  alkalinity  of  the  blood  again  increases  at  certain  times, 
uric  acid  will  be  dissolved  at  the  point  of  its  deposition.  The  dissolved 
urates  cause,  on  the  one  hand,  local  inflammation  (the  acute  attack  of 
gout),  and,  on  the  other,  the  uric  acid  shower  in  the  urine. 

I  believe  that  I  was  the  first  to  express  myself  as  emphatically 
opposed  to  the  idea  of  over-rating  the  alkalinity  relations  of  the 
blood  (70). 

At  that  time  only  meagre  data  were  at  hand  regarding  the  reaction 
of  the  blood  and  tissues  in  gout.  Reports  had  been  previously  published 
showing  somewhat  high  values  for  the  alkalinity  of  the  blood,  both  in 
the  acute  attack  [Pfeiffer  (71)]  and  in  chronic  gout  [Jeffries,  Drouin  (72)]. 
The  later  investigations  of  Klemperer,  Magnus-Levy,  Strauss,  Watson, 
Luff,  and  Lowy  (73)  have  shown,  as  a  rule,  normal  relations,  with  here 
and  there  a  slight  increase,  but  never  any  decrease,  in  the  alkalinity  of 
the  blood.  Also  no  remarkable  deviations  from  the  normal  relations 
were  recognised  in  the  comparative  estimations  during  the  attack  and  in 
the  attack-free  periods  [Magnus-Levy  (3)].  In  the  only  disease — 
namely,  severe  diabetes  mellitus — ^which  is  associated  with  diminished 
alkalinity  of  the  blood,  and  runs  a  very  chronic  course,  deposits  of  urates 
do  not  appear,  although  in  diabetes  the  conditions  are  present  which, 
according  to  the  old  theory,  favour  the  deposition  of  uric  acid  (the  more 
abundant  meat  diet  and  the  frequently  complicating  renal  disease). 
All  the  hypotheses  which  have  been  advanced  regarding  the  changing 
relations  between  the  alkalinity  of  the  blood  and  gouty  deposits  are 
unsupported  by  facts. 

The  same  tiling  must  be  said  regarding  the  relations  of  local  changes 
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in  alkalinity  to  urio  acid  precipitation.  These  relations  are  a  large 
factor  in  Ebstein's  theory.  Mordhorst  (74)  adds  to  his  advocacy  of 
alkaline  substances  a  remark  which  I  cannot  allow  to  go  unchallenged, 
because  it  gives,  apparently,  expression  to  a  widespread  view.  He 
says :  "  That  the  tissue  fluids  in  the  region  of  the  gouty  deposits  must  be 
acid  follows  from  the  fact  that  uric  acid  and  its  acid  compounds  are 
precipitated  only  in  acid  fluids."  Now,  as  a  matter  of  fact,  the  needles 
in  the  gouty  deposit  consist  of  acid  sodium  urate,  whose  solubility  de- 
creases, as  has  been  since  determined,  with  increasing  alkalinity  of  the 
medium.  Moreover,  the  statement  is  absolutely  incorrect  that  the 
reaction  is  acid  in  the  region  of  these  deposits.  I  have  in  several  cases 
examined  the  deposit,  which  is  easily  expressed  from  freshly-opened, 
rather  early  tophi,  and  have  found  it  distinctly  alkaline  to  litmus  and 
lacmoid.  The  material  obtained  in  this  way  was  chiefly  composed  of 
acid  urate  crjrstals  [von  Noorden  (75)].  The  fact  has  also  been  frequently 
confirmed  that  these  cr3rstalline  acid  compounds  are  held  in  an  alkaline 
medium.  In  another  place  I  advanced  the  idea  that  the  urate  deposits 
disappear,  or,  as  frequently  happens,  are  reduced  in  amount,  owing, 
not  to  the  changed  alkalinity  of  the  fluids,  but  rather  to  the  avidity  of 
certain  cells  [von  Noorden  (76)].  It  has  been  experimentally  confirmed 
by  Freudweiler  (66)  and  Rindfieisch  (77)  that  the  solution  of  the 
deposited  urates  is  a  process  of  phagocytosis.  Only  the  free  uric  acid, 
which,  however,  does  not  come  into  consideration  in  gouty  deposits, 
is  directly  dissolved  by  the  fluids  of  the  tissues  and  of  exudations  [von 
Loghem  (77a)].  This  agrees  very  well  with  the  observation  that  blood- 
serum  also  exerts  a  dissolving  or  destroying  power  upon  free  uric 
acid. 

In  addition  to  the  no  longer  tenable  theory  which  associates  the 
deposition  of  urates  and,  further,  the  whole  origin  of  the  gouty  foci, 
with  variations  in  alkalinity,  one  must  mention  the  theory  advocated 
by  Roberts  (78),  Mendelsohn  (79),  and  recently  by  Strauss  (61).  Accord- 
ing to  this  theory,  the  urates  are  deposited  in  the  diseased  tissues  owing 
to  abnormally  high  content  of  sodium  chloride  or  of  metabolic  refuse 
of  different  kinds.  It  is  certainly  true  that  the  solubility  of  the  urates, 
and  especially  of  uric  acid,  depends,  to  a  great  extent,  on  the  molecular 
concentration  of  the  solvent  [His  and  Paul,  Klemperer,  von  Loghem, 
and  others  (80)],  but  this  fact  does  not  warrant  far-reaching  conclusions. 
Even  if  those  molecular  concentrations  were  found  in  gouty  foci,  which, 
in  vitro,  sort  out  urates  from  watery  solutions  (which  is  not  the  case), 
there  would  arise  a  marked  and,  as  regards  its  extent,  an  absolutely  un- 
known counterpoise  of  the  molecular  concentration  with  the  colloidal 
properties  of  the  tissue  fluids. 

Recently  Kionka  (80a)  published,  in  collaboration  with  Frey,  certain 
broadly-planned  researches,  in  which  he  attributes  to  amido-acetic  acid 
an  essential  rdle  in  the  origin  of  uric  acid  deposits.  It  would  lead  us 
too  far  to  discuss  this  theory,  especially  as  the  bases  of  Kionka's  hypo- 
thesis are  not  too  well  grounded.  He  referred,  among  other  things,  to 
the  detection  of  glycocoll  in  gouty  urine  [Ignatowski  (80a)].  This  flnd- 
ing  has,  however,  lost  its  meaning  [Ldpstein,  Fossnar  (80a)].    Chemical 
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objections  have  also  been  raised  against  this  phase  of  the  new  theory 
[Abderhalden  and  Schittenhehn  (80a)].  Regarding  Kionka's  theory, 
reference  must  be  made  to  his  original  articles. 

While  it  is  clearly  enough  established  that  the  disappearance  of  the 
uric  acid  deposits  is  due  to  processes  of  phagocytosis,  we  know,  unfor- 
tunately, nothing  certain  regarding  the  theoretically  most  important 
period  of  the  disease— that  is,  regarding  the  incipiency  of  the  local  pheno- 
mena of  gout.  Ebstein  assumes,  as  is  well  known,  that  uric  acid  is 
present  in  the  first  place  in  the  dissolved  state,  in  which  condition  it 
causes  inflammation  and  necrosis.  The  sodium  biurate  needles  are 
later  deposited  in  the  necrotic  tissues.  No  deposition  of  urates  without 
preceding  necrosis  is  the  tenor  of  the  theory.  In  spite  of  the  efforts 
of  Schreiber  and  2«audy  (81)  to  the  contrary,  this  is  refuted  by  Riehl, 
Aschoff,  Freudweiler,  recently,^  also,  by  Bosenbach  and  litten  (82), 
who  found  urate  needles  in  absolutely  healthy  tissues — as,  for  instance, 
in  the  region  of  tophi  and  in  the  kidneys.  If  Ebstein  failed  to  find  them, 
his  methods  of  preparation  were  at  fault,  in  that  the  urates  passed  into 
solution  and  thus  escaped  detection. 

Moreover,  it  has  recently  become  doubtful  whether  necrosis  in  the 
gouty  tophi  plays,  in  general,  such  an  important  rdle  as  one  must  assume, 
according  to  Ebstein.  It  appears,  rather,  to  be  more  a  question  of 
secondary  pressure  atrophy  brought  about  by  the  concretions  than  one 
of  tissue  death  [Minkowski,  Krause  (83)].  Necrosis,  although  doubtless 
present  [Bosenbach],  plays  a  subordinate  part. 

Clinical  facts  also  speak  against  Ebstein's  assumption  that  over- 
loading with  uric  acid  is  always  the  primary  phase,  while  deposition  of 
urates  is  secondary.  We  often  see  tophi  slowly  increase  in  size  without 
any  reaction.  They  extend  their  branches,  as  Biehl  and  Aschoff  showed, 
into  absolutely  healthy  tissue.  Delay  is  occasioned  at  the  boundaries 
of  the  foci.  Either  absorption  or  growth  gets  the  upper  hand,  when 
an  acute  or  subacute  inflammation  appears,  often  without  any  outside 
cause,  often  following  a  bruise  or  overexertion.  Frequently  only  one 
focus  is  involved ;  frequently  many,  either  simultaneously  or  successively, 
are  affected.  After  the  inflammation  subsides  the  tophi  are  smaller, 
or  have  disappeared.  If  an  enlargement  of  the  focus  remains,  it  is  to  be 
attributed  rather  to  the  diffuse  swelling  of  the  surrounding  tissue  than 
to  the  tophus  itself.  The  tophus  later  grows  again  very  slowly.  All  of 
this  occurs  in  places  so  favourably  located  that  our  eyes  can  easily  detect 
the  stages  in  the  process.  It  is  true,  or  at  least  apparently  so,  that  the 
course  of  events  may  be  of  a  different  sort.  In  a  previously  healthy 
site  the  local  inflammation  may  be  the  first  symptom  of  the  disease. 
After  this  subsides  the  tophus  develops.  These  cases,  which  are  not  at 
all  rare,  were  used  as  proofs  of  Ebstein's  theory.  He  cannot,  however, 
overcome  the  objection  that  previously  there  had  occurred  in  that 
place  a  diffuse  reactionless  infiltration  with  urates,  which  was  just  as 

1  Sohxeiber  and  Zandy  supposed  that  the  crystals  which  were  found  at  the  periphery 
of  the  gouty  focus,  etc.,  shouLl  be  considered  as  agonal  or  as  post-mortem  formations, 
litten  and  Kosenbaoh  proved  that  giant  cells  and  lymphocytes  (urophages)  were  present 
in  tiie  region  of  the  crystals. 
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inaoceflsible  to  observation  as  are  the  deposits  of  urates  which  are  doubt- 
less present  in  the  metatarso-phalangeiGil  joint  during  the  attack-free 
intervals  of  the  disease.  After  subsidence  of  the  inflammation  the  de- 
posit increases,  being  favoured  by  the  tissue  changes  which  the  former 
condition  has  left. 

Owing  to  the  complete  lack  of  knowledge  regarding  the  anatomical 
changes  which  are  present  in  the  early  stages  of  the  acute  paroxysm, 
the  question  cannot,  naturally,  be  decided  with  certainty.  It  is,  however, 
probable  tliat  deposition  of  urates  must  have  taken  place  preceding  the 
attack,  in  which  case  one  will  willingly  make  the  concession  to  Ebstein 
that  the  conditions  would  be  especially  favourable  for  their  excretion, 
providing  a  marked  local  inflammation  was  immediately  associated  with 
the  deposition.    That  this  is  not  always  the  case  has  been  mentioned. 

If  we  survey  what  has  been  said,  we  find  that  the  reasons  for  the 
deposition  of  urates  are  absolutely  miknown,  and  that  it  is  as  yet  un- 
decided whether  the  uric  acid  in  the  foci  is  autochthonous  in  origin, 
or  is  derived  from  the  blood.  The  latter  idea  is  probable,  in  view  of  the 
fact  that  the  deposits  are  frequently  very  large,  and  tend  to  rapidly 
increase  in  size.  An  associated  autochthonous  formation  is,  however, 
not  excluded. 

The  urate  needles  may  be  deposited  in  a  tissue  which,  from  the  micro- 
scopical standpoint,  is  anatomically  quite  normal.  Whether  the  tissue 
is  at  the  same  time  chemically  sound  must  remain  doubtful. 

The  absorption  of  the  urates  is  brought  about  by  phagocytosis. 
Whether,  besides  this,  other  chemico-fermentative  processes  play  a  rdle 
is  uncertain.  In  so  far  as  foci  of  gouty  disease  are  concerned,  nothing  is 
known  regarding  the  action  of  changes  in  alkalinity. 

It  is  not  a  far  cry  to  conclude  with  Pf eiffer  that  if,  for  any  reason 
whatsoever,  a  sudden  solution  of  the  deposited  urates  occurs,  there  arises, 
owing  to  the  toxic  action  of  this  (primcuily  intracellular)  solution,  a  local 
paroxysm,  and,  later  on,  a  febrile  reaction  of  the  entire  organism.  It  is 
uncertain  whether  this  is  a  true  causal  relationship,  or  whether  the 
absorption  of  the  urates,  local  inflammation,  and  general  reaction,  are 
not  common  results  of  a  chemical  process  peculiar  to  gout. 

A  further  question  is  whether  the  uric  acid  which  passes  into  solution 
is  completely  destroyed,  or  whether  it  shares  in  the  uric  acid  shower  in 
the  urine. 

It  is  evident,  therefore,  that  we  know  little  regarding  the  fate  of  the 
gouty  foci.    Many  questions  still  remain  to  be  settled. 


10.  Urle  Add  in  the  Sweat. 

The  perspiration  of  the  gouty  subject  has  often  been  examined  for 
uric  acid.  Qarrod,  who  (85)  cites  and  criticises  the  older,  alleged  positive, 
results  of  Swediaur,  Golding-Bird,  and  C.  Petit,  asserted  that  he  had  once 
found  traces  of  this  substance.  As  a  rule  the  perspiration  is  free  from 
uric  acid.  The  same  finding  was  reported  by  Lehmann,  Bouchard, 
Martini  and  TJbaldini  (86),  while  KiUme  (87)  detected  its  presence,  and 
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Tichbome  (88)  once  found  marked  tracee  of  it  in  the  perspiration  induced 
by  the  Turkish  bath.  I,  personally,  have  only  failures  to  record.  Eight 
cases  were  investigated,  in  which  the  perspiration  was  stimulated  by 
hot-air  baths  or  by  pilocarpine.  The  same  negative  result  was  given 
by  the  experiments  of  Magnus-Levy  (3).  It  may  be  remarked  in  passing 
that  the  perspiration  of  the  gouty  patients  showed  on  analyses  0*03  to 
0-04  per  cent,  of  nitrogen. 

In  marked  contrast  to  the  negative  findings  in  gout  stand  a  few  positive 
results  in  nephritis  (see  Vol.  II.).  It  is  possible  that  in  those  oases  of  gout 
in  which  other  authors  found  uric  acid  in  the  perspiration,  the  kidneys 
were  sympathetically  affected  to  a  marked  degree. 

At  any  rate,  it  is  not  a  function  of  the  production  of  perspiration  in 
the  gouty  to  really  compensate  in  certain  respects  for  the  deficient  excre- 
tion of  urates  in  the  urine. 


11.  Bxeretlon  of  Urle  Acid  by  the  Digestive  Organs. 

Boucheron  (89)  claimed  to  have  found  uric  acid  in  the  saliva  of  gouty 
subjects.  In  two  patients  from  whom  I  obtained  by  pilocarpine  injec- 
tion 320  and  530  c.c.  of  saliva  I  searched  for  uric  acid  with  absolutely 
negative  results. 

Nothing  reliable  is  known  regarding  the  excretion  of  uric  acid  by  the 
mucous  membrane  of  the  stomach  or  uitestines.  Hayem  (90)  is  the  only 
one  who  asserts  that  he  once  found  deposits  of  urates  on  the  intestinal 
villi ;  no  chemical  proof  supported  this  statement.  When  Ebstein,  and 
recently  His,  assert  that  the  toxic  properties  of  uric  acid  play  a  definite 
etiological  part  in  the  digestive  disturbances  of  the  gouty,  one  may  iadeed 
regard  this  as  a  valuable  incentive  to  further  study,  although  at  present 
it  is  purely  hypothetical  (c/.  Purin  Bodies). 


v.— INFLUENCE  OF  GOUT  ON  THE  BLOOD. 
1.  AikaUnity.    Uric  Acid. 

Regarding  uric  acid  in  the  blood  and  the  alkalinity  of  the  blood,  see 
pp.  667,  674. 

2.  Concentration. 

Garrod  (92)  frequently  estimated  the  specific  gravity  of  the  blood. 
He  reports  the  average  in  chronic  cases  as  1027  to  1028,  scarcely  ever 
below  1025.  The  same  figures  obtained  for  the  period  of  the  acute 
attack — that  is  to  say,  they  approximate  normal.  Magnus-Levy  (91), 
Grawitz  and  von  Limbeck  (93),  found  similar  results.  When  lower 
values  occur,  they  are  usually  due  to  inanition  or  an  associated  albuminuria. 
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3.  Morphology  of  the  Blood. 

Little  information  is  available  as  to  the  content  of  the  blood  in  red 
and  white  corpuscles.  Deviations  from  the  normal  have  not  been 
observed.  A  few  oases  which  Grawitz  and  von  Limbeck  (93)  investi- 
gated showed  normal  relations.  Ten  Gate  (94)  records  remarkable 
results.  In  a  severe  case  of  gout  there  was  no  leucocytosis  after  feeding 
with  thymus.  I  have  at  my  disposal  a  similar  observation.  A  gouty 
subject^  during  a  period  of  recurrent  attacks,  was  fed  for  several  days 
on  a  purin-free  diet.  At  12  noon  8,500  leucocytes  were  found  in 
1  c.c.  of  blood.  At  1  p.m.  he  received  360  grammes  of  thymus.  At 
4  p.m.  the  leucocytes  numbered  8,800.  As  a  control,  a  nephritio 
patient  was  examined  under  exactly  the  same  conditions.  The  corre- 
sponding leucocyte  counts  were :  midday,  7,860 ;  three  hours  after  the 
meal  of  thymus,  9,900.  This  agrees  with  the  increase  which  Milroy  and 
Malcolm  (96)  have  observed  in  healthy  subjects  a  few  hours  after  taking 
nucleinic  acid. 

Neusser  (96)  writes  that  in  uric  acid  diathesis  leucocytes  are  present 
in  the  blood  whose  nuclei  are  surrounded  by  basophile  granules  (peri- 
nuclear basophiles).  Kolisch  reports  the  same  findings.  This  pheno- 
menon, which  might  have  been  of  great  importance  in  the  diagnosis  of 
gout,  is  found,  according  to  T.  B.  Futcher  (97),  to  exist  in  many  other 
diseases.  Ehrlich  (98)  doubts  the  accuracy  of  the  observations,  and 
regards  the  basophile  granules  described  by  Neusser  as  artifacts  which 
were  caused  by  precipitation  of  pigment.  Walker  Hall  observed  an 
increase  in  the  basophile  cells  of  the  blood  after  long-continued  injections 
of  hypoxanthin  into  rabbits.  Chalmers  Watson  (7)  describes  lu^e  de- 
generate white  ceUs  as  occurring  in  one  of  lus  cases  of  gout.  I  have  no 
personal  observations  on  this  subject  at  my  command. 


4.  Molecular  Coneentratlon. 

A  few  figures  of  Waldvogel  and  Strauss  (99)  are  available  as  to  the 
molecular  concentration  of  the  blood.  These  investigators  observed 
one  patient  each,  and  found  that  the  lowering  of  the  freezing-point 
during  the  attack  was  remarkably  high  (Waldvogel  -0*82'',  Strauss 
-0-76'').  Waldvogel's  patient  had  a  diseased  kidney,  while  the  patient 
of  Strauss  was  apparently  healthy  as  regards  his  kidneys.  In  two  other 
patients  Strauss  found,  during  the  attack-free  periods,  —0*66^  and 
-0-63^.  Likewise,  in  Waldvogel's  case,  the  molecular  concentration 
was  lower  after  the  attack  (frcMBzing-point  -'0*66^).  An  interpretation 
of  these  results  cannot  as  yet  be  hazarded.  According  to  Strauss,  the 
accumulation  of  nitrogenous  products  of  metabolism  appears  to  be  con- 
cerned in  this  phenomenon.  He  found  60  to  80  milligrammes  of  nitrogen 
in  100  c.c.  of  serum  from  which  the  albumin  had  been  removed. 

Also  in  another  case  of  gout  which  was  complicated  with  pulmonary 
tuberculosis  Strauss  (99a)  found  79  milligrammes  nitrogen  in  the  filtrate. 
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Lowering  of  the  freezing-point  was  0*59^.    The  normal  filtrate  nitrogen 
is  about  35  milligrammeB. 

These  high  values  recall  the  fact  that  Garrod  (100)  and  Budd  also 
found  somewhat  increased  amounts  of  urea  in  the  blood.  The  most 
probable  explanation  is,  I  believe,  that  in  all  these  cases  an  insufficiency 
of  the  kidney  exists  as  a  complication. 


5.  (hcaUe  Aeld. 

Garrod  observed  the  presence  of  oxalic  acid  in  the  blood,  especially 
at  the  height  of  the  parox3rBm.  On  applying  the  thread  test,  its  calcium 
salt  separated  from  the  serum  as  a  cr3rstalline  deposit.  He  referred  the 
oxalic  acid  to  the  decomposition  of  uric  acid.  I  am  unable  to  find  any 
later  investigations  and  comparative  analyses  of  healthy  and  of  gouty 
blood  in  cases  where  attention  waa  paid  to  the  diet. 


VL— THE  URINE  IN  GOUT. 

Excretion  of  nitrogen  (see  Protein  Decomposition,  p.  647). 
Uric  acid  and  alloxur  bases  (see  p.  655). 


1.  Quantity. 

At  the  beginning  of  the  attack  the  amount  of  urine  is  usually  small, 
the  specific  gravity  is  high,  and  a  sediment  falls  when  the  urine  cools. 
The  appearances  of  gouty  urine  resemble  those  of  ordinary  febrile  urine. 
Frequently  enough  patients  show  febrile  reactions  during  the  attack. 
After  a  few  days — ^usually  before  the  disappearance  of  pain  and  of  the 
local  infiammation — ^the  urine  is  again  abundant  and  less  concentrated. 

In  the  attack-free  intervals  of  regular  gout  striking  changes  in  the 
amount  and  in  the  specific  gravity  of  the  urine  are  not  common.  In 
other  cases  the  urine  is  excreted  more  abundantly  and  less  concentrated. 
This  is  very  often  the  case  in  the  chronic  atypical  form.  In  case  such 
changes  do  appear,  the  possibility  exists  that  a  contracted  kidney  has 
developed  along  with  the  gout.  Yet  one  must  take  into  consideration 
the  copious  fluid  intake  (mineral  waters,  etc.)  of  many  gouty  subjects. 


2.  The  Various  Nitrogenous  Substanees. 

Further  investigations  on  the  several  nitrogenous  substances  of  the 
urine  are  wanted,  as  a  pathologic  type  of  protein  decomposition  in  this 
disease  has  already  been  discussed.  In  this  connection  we  must  con- 
sider urea,  ammonia,  and  monamido  acids.  The  alloxur  bodies  must 
be  left  out  of  this  consideration,  inasmuch  as  they  arise  from  special 
sources.  Sufficient  reference  has  already  been  made  to  their  relations 
in  this  disease. 
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(a)  Urea. 

Gamerer  (101)  found  in  three  gouty  subjects  89*9  to  91*7  per  oent.  of 
the  total  nitrogen  as  urea ;  Vogel,  by  the  use  of  the  phospho-tungstio 
acid  method,  obtained  values  of  82  and  92  per  cent,  in  ten  out  of 
fourteen  estimations  on  three  patients.  When  the  figures  approach, 
and  even  pass,  the  lower  limits  (in  four  determinations  the  values  were 
between  71  and  79  per  cent.),  this  is  due  to  a  madded  diminution  of  the 
urea  itself  or  of  the  total  nitrogen  rather  than  to  an  increase  of  the 
residual  nitrogen.  The  phenomenon  corresponds  to  the  previously 
described  general  retention  of  nitrogen. 

We  have  to  thank  Boedtker  (102)  for  numerous  estimations  of  urea 
by  the  Momer  method.  In  typical  cases,  the  values  lie  in  the  attack- 
free  intervals,  between  8S*3  and  94*1  per  cent.  (91*1  per  cent,  as  the 
average  of  twelve  determinations).  During  the  acute  attack  the  figures 
vary  between  83*94  and  93*29  per  cent.  (90  per  cent,  as  the  average  of 
fourteen  estimations).  In  chronic  cases,  with  persisting  gouty  disease 
of  the  joints,  82*11  and  94*13  per  cent,  were  observed  (87*97  per  cent,  as 
the  average  of  ten  analyses).  These  figures  do  not  permit  of  accurate 
conclusions.  It  is  possible,  but  not  exactly  probable,  that  a  further 
study  of  these  delations  may  furnish  better  explanations. 


(6)  Mcnamino  Adds. 

Ignatowsky  (103)  found — ^by  the  /9-naphthalin-sulphochloride  method 
increase  in  the  amino-acid  output  in  gout.  lapstein  observed  1*06 
to  1*68  grammes  daily,  figures  which  were  considerably  higher  than  those 
of  Ignatowsky,  but  which  were  entirely  within  the  normal  limits  (1*32 
to  2*80  grammes)  [Embden  and  Reese].  Fossnar  (104),  who  likewise 
used  the  improved  method  in  continuance  of  the  investigations  of  Igna- 
towsky, comes  also  to  the  conclusion  that  nothing  in  the  behaviour  of 
the  amino-acid  excretion  can  be  regarded  as  characteristic  for  arthritis 
urica  [see  also  (104)]. 

(c)  Anmumia. 

The  ammonia  determinations  are  of  special  interest,  because  the 
height  of  the  ammonia  excretion  is  to  be  regBoded  as  an  index  of  acidity, 
and  because  the  chemical  reaction  of  the  blood  has  from  the  beginning 
played  a  great  r61e  in  the  theories  of  gout.  The  investigations  of  Camerer 
(106),  Vogel  (5),  and  Magnus-Levy  (3)  all  agree  in  the  finding  of  normal 
values  for  the  absolute  amount  of  the  ammonia  excretion,  and  for  its 
relation  to  total  nitrogen.  This  finding,  which  is  not  without  importance 
in  the  theory  of  gout,  holds  for  all  stages  of  the  disease.  Tet  we  cannot 
but  wonder  if  occasionally  the  ammonia  values  increase  beyond  the 
normal  figures  in  the  acute  attacks.  This  would  bring  gout  into  analogy 
with  other  acute  febrile  processes,  and  would  not  point  without  further 
evidence  to  a  specific  gouly  anomaly  of  metabolism. 
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(d)  Hippurie  Add. 

Lewin  (105)  found  in  two  cases  of  gout  0*118  to  0-167  and  0*16  to 
0*19  gramme  of  hippurio  aoid  in  the  urine.  These  values  agree  with 
those  which  he  obtained  in  healthy  subjects  under  similar  dietary  restric- 
tions. 

(e)  Urobilin. 

According  to  Magnus-Levy  (3),  the  urobilin  content  of  the  urine  is 
frequently  increased  during  the  acute  attack.  I  can  confirm  this  from 
my  own  experience.  We  must  refer  this  to  hsemolytic  processes.  The 
phenomenon  proves  that  toidc  influences  play  a  rdle  in  the  acute  attack. 
No  quantitative  determinations  of  urobilin  are  extant. 


3.  Aeldlty. 

That  the  acidity  of  gouty  urine  is — at  least,  at  times — abnormally 
high  is  an  old  doctrine,  and  stands  in  close  relationship  to  the  theories 
of  gout.  It  is  also  brought  into  association  with  PfeifFer's  teaching  of 
the  easier  separability  of  the  uric  acid  by  the  uric  acid  filter.  Investiga- 
tions which  have  been  carried  out  with  trustworthy  methods  are  few  in 
number.  Camerer  (106)  states  that  the  acidity  of  gouty  urine  seemed 
to  him  to  be  somewhat  higher  than  normal.  Soetbeer  (107)  published 
a  very  exact  analysis,  according  to  which  the  urine  of  a  gouty  patient 
contidned  an  excess  of  0*44  gramme  of  acid  over  the  bases,  while  in  the 
control  urine  of  a  healthy  subject  the  alkali  (calculated  as  sodium)  was 
0*6  to  0*9  gramme  in  excess.  A.  P.  Luff  (58a)  found  normal  acidity 
values  in  a  case  of  subacute  gout  (acidity  of  twenty-four  hour  specimen, 
0  to  1*629  gramme  HQ).  No  parallelism  can  be  recognised  between  the 
reaction  of  the  urine  and  the  alkalinity  of  the  blood.  I  have  at  my 
disposal  a  few  personal  observations  on  this  subject.  By  the  use  of 
lieblein's  method  in  the  cases  of  three  gouty  patients  I  found  during  the 
attack  that  the  relations  of  di-sodium-phosphate  to  monosodium  phos- 
phate were  1 : 1,  1 :  1*25,  and  1 :  1*27.  These  are  normal  values,  which 
appear  very  oft^i  among  the  normal  figures  of  Strauss  (109). 


4.  Salts  of  the  Urine. 

Among  the  inorganic  salts  of  the  urine  the  phosphates  have  almost 
exclusively  engaged  the  attention  of  writers.  To-day  no  further  impor- 
tance is  attached  to  the  older  data  regarding  the  increase  and  decrease  of 
phosphoric  acid  in  the  course  of  gout  (110),  because  the  phosphoric  acid 
intake  was  entirely  neglected.  Moreover,  the  numerous  works  of  more 
recent  investigators  [Ebstein,  Oamerer  senr.,  Weintraud,  Pfeiffer  (111)], 
as  well  as  the  metabolic  investigations  of  Umber,  Schmoll,  and  Waldvogel 
(112),  have  taught  us  nothing  of  importance,  although  the  phosphoric 
acid  intake  remained  for  a  longer  time  practically  constant.  No  definite 
relation  has  been  established  between  the  phosphoric  acid  excretion  and 
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the  phase  of  the  gouty  process.  A  new  point  of  view  was  presented  by 
the  researches  of  Loewi  and  Vogt  (113).  They  found  that,  on  addition 
of  nuclein  to  a  constant  diet,  the  phosphoric  acid  of  the  nuclein  was 
promptly  excreted,  but  the  nitrogen  was  retained.  The  conclusions 
which  were  drawn  regarding  the  theory  of  gout,  and  especially  of  the 
nuclein  decomposition  and  of  the  retention  of  purin  substances  in  the 
body  of  the  gouty,  were,  however,  again  upset  by  the  investigations  of 
Kaufmann  and  Mohr  (10),  who  were  the  first  to  work  out  the  actual 
phosphoric  acid  balances  of  the  gouty.  In  their  cases  the  relation 
between  the  excretion  of  nitrogen  and  of  phosphoric  acid  was  found  to 
lie  within  normal  limits.  They  were,  further,  able  to  show  that  our 
knowledge  regarding  the  fate  of  phosphoric  acid  in  the  body  does  not 
suffice  to  permit  us  to  draw  far-reaching  conclusions  from  such 
findings. 

Importance  is  also  often  attached  to  the  relation  of  the  earthy  phos- 
phates to  the  alkali  phosphates.  The  normal  quotient  of  1  :  2-5  is  ex- 
tended in  the  cases  of  Stocvis  (110)  to  1 : 5-7.  In  the  three  cases  of 
Ebstein  (111)  the  relations  were  1  : 1-7,  1  : 1-5  to  2-7,  1  :  3  to  4-1.  Here 
also  we  must  be  satisfied  to  simply  record  the  facts.  It  is  so  much  the 
less  possible  to  draw  conclusions  from  these  findings,  as  absolutely  no 
figures  are  known  which  refer  at  the  same  time  to  phosphoric  acid  and 
the  earthy  phosphates  in  metabolic  experiments. 

The  statement  of  Reale  (114)  that,  on  boiling  the  urine  of  a  gouty 
patient  with  acetic  acid,  crystals  of  calcium  sulphate  are  frequently  pre- 
cipitated is  worthy  of  mention.  I  have  sought  for  this  reaction  in  a 
large  number  of  cases  of  gout,  but  have  never  been  able  to  obtain  a 
positive  result.  Perhaps  the  kind  of  diet  may  be  a  determinative 
factor  in  the  outcome  of  this  reaction. 


6.  Oxalle  Aeid. 

Garrod  found  oxalic  acid  in  the  blood  of  gouty  patients.  On  this 
account,  and  because  of  the  conversion  of  uric  acid  into  allantoin,  and, 
further,  into  oxalic  acid  and  urea  (the  conversions  are  brought  about  in 
alkaline  solution  under  the  influence  of  oxidizing  agents),  pathological 
variations  in  the  excretion  of  oxalic  acid  are  conceivable  in  gout.  Only 
one  exact  investigation — that  of  Mohr  and  Salomon  (115) — ^is  at  hand. 
A  man  who  had  suffered  for  many  years  with  articular  gout  excreted,  on 
a  mixed  hospital  diet,  4-4  to  7*1  milligrammes  of  oxalic  acid.  These 
figures  lie  at  the  lower  limit  of  the  values  found  in  healthy  subjects  under 
the  same  dietary  conditions. 

6.  Sugar. 

It  is  known  that  gout  and  diabetes  are  often  present  in  the  same 
individual.  There  is  much  discussion  regarding  the  frequency  of  this 
combination  [one  may  compare  Minkowski's  figures  (1)].  In  France  the 
coincidence  of  these  two  diseases  seems  to  be  especially  frequent.  Ac- 
cording to  my  own  extensive  statistics  of  the  year  1901,  the  presence  of 
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gout  was  Bhown  in  only  3  per  cent,  of  diabetics.  By  reference  to  the 
cases  (about  600)  of  diabetes  obsenred  since  then,  the  percentage  is  slightly 
increased.  My  figures  are,  however,  far  below  those  of  Grube  (116).  I 
must  declare  myself  as  absolutely  opposed  to  the  statement,  which  fre- 
quently recurs  in  earlier  writings,  that  diabetes  and  gout  frequently 
alternate  in  the  same  individual.  The  old  assertions  are  traceable  to 
the  facts  that  mild  glycosuria  disappears  and  gouiy  complaints  develop 
on  a  diet  rich  in  meat,  while,  vice  versa,  glycosuria  again  appears  and 
the  gout  subsides  on  a  diet  poor  in  meat  and  rich  in  carbohydrate.  If  a 
true  alternating  type  of  both  diseases  has  been  observed  independently 
of  the  diet,  this  can  be,  judging  from  the  unusually  large  material  from 
which  I  have  drawn  during  ten  years,  only  the  rarest  exception. 

Belying  upon  the  old  reports,  workers  have  frequently  investigated 
the  question  as  to  how  gouty  patients  react  to  intake  of  sugar — ^that  is  to 
say,  does  an  alimentary  glycosuria  occur  more  easily  in  them  than  in 
healthy  subjects  ?  Strauss  (117)  observed,  in  four  out  of  six  cases, 
alimentary  glycosuria  after  an  intake  of  100  grammes  of  grape-sugar. 
However,  the  patients  which  he  examined  were  partly  alcoholic  and 
partly  obese  subjects,  who  were  thus  already  predisposed  to  alimentary 
glycosuria  even  in  the  absence  of  gout.  Magnus-Levy  (3)  reported,  with- 
out any  details,  two  positive  results  out  of  five  experiments.  According 
to  Badt  (118),  who  brings  forward  the  most  extensive  material, 
alimentary  glycosuria  is  extremely  rare  in  gout.  Out  of  sixteen  gouty 
patients,  only  one,  who  was  afCUcted  with  obesity  at  the  same  time,  showed 
a  glycosuria  f oll(»ring  the  intake  of  1(X)  grammes  of  grape-sugar.  My  own 
observations  agree  with  this.  I  found  in  all  the  gouty  subjects  who 
were  treated  during  the  last  ten  years  in  my  hospital  wards  glycosuria 
no  more  frequently  and  of  no  higher  grade  than  occasionally  appears 
in  healthy  subjects  after  feeding  with  sugar.  This  refers  as  well  to  experi- 
ments with  glucose  as  to  those  with  cane-sugar  and  l»vulose.  Only  in 
cases  in  which  pronounced  chronic  alcoholism  complicated  the  condition 
were  the  excretions  of  sugar  found  to  be  higher  and  more  frequent. 

7.  Albumin. 

Albumin  is  often  found  in  small  amounts  at  the  commencement  of 
the  attack.  It  may  be  partly  a  question  of  febrile  albuminuria.  Yet 
the  paroxysm,  with  its  severe  pain,  furnishes  abundant  cause  for  dis- 
turbances of  the  circulation,  so  that  for  this  reason  also  albuminuria 
may  be  brought  about.  If  albuminuria  is  observed  in  typical  or  atypical 
cases  of  gout  during  the  attack-free  periods,  then  it  must  always  be  a 
question  of  an  accompanying  organic  disease  of  the  kidney.  Bearding 
the  relations  of  nephritis  to  gout,  see  Index. 

8.  Albomoses. 

I  once  found  albumoses  in  the  urine,  which  was  collected  during  the 
fifth  and  last  day  of  a  severe  attack,  by  Hofmeister's  old  method.  This 
calls  to  mind  other  forms  of  albumosuria  which  appear  if  fragments 
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of  tisBue  are  quickly  absorbed,  and  likewise  brings  up  the  question  of  the 
well-reoognised  febrile  albumosuria  (see  Vol.  IE.).  The  methods  which 
were  used  are  not  considered  to-day  absolutely  free  from  objections.  New 
investigations  are  much  to  be  desired. 


Vn.— THEORY  OP  GOUT. 

It  is  not  to-day  very  alluring  to  write  anything  regarding  the  theory 
of  gout,  especially  in  a  book  which  is  essentially  devoted  to  the  presenta- 
tion of  facts.  All  of  the  theories  advanced  up  to  the  present  time  have 
fared  badly.  The  positive  material  is  much  too  insufficient  and  too 
ambiguous. 

The  important  points  to  which  we  must  cUng  are  the  following  : 

1.  The  acute  attacks  of  gout  show  distinct  toxic  character- 
istics. Nothing  speaks  for  the  assumption  that  the  toxic  substance 
is  introduced  into  the  body  from  without  ("exogenic  toxicosis/'  as  in 
infectious  diseases) ;  everything  points  to  its  being  of  endogenous 
origin.  The  statement  that  gout  is  an  endogenous  anomaly  of  metabo- 
lism will  not  now  be  opposed.  Likewise  we  can  easily  agree  with 
those  who  look  for  the  primary  localization  of  the  disease  in  the 
kidney  (specific  insufficiency  of  the  renal  epithelium  as  regards  the 
excretion  of  uric  acid).  It  is  only  with  those  who  have  so  little  clinical 
experience  that  they  presuppose  an  ordinary  nephritis  as  the  cause  of 
such  insufficiency  that  we  cannot  come  to  terms. 

2.  The  more  exact  investigations  of  the  purin  metabolism  continue 
to  enhance  the  value  of  Sir  A.  Garrod's  observation  that  retention 
of  uric  acid  is  present  in  gout.  I  call  to  mind  the  universally  lower 
values  for  the  elimination  of  endogenous  uric  acid,  the  remarkably 
large  variations  in  this  elimination,  and  the  delayed  reaction  of  the 
urine  to  intake  of  purin  bodies,  which  condition  does  not  obtain  at  all 
times  nor  in  every  stage  of  a  constitutional  anomaly.  We  must  assume 
a  direotiy  increased  fermentative  decomposition  of  the  purin  bodies — 
that  is,  an  increased  urioolysis — ^if  we  do  not  wish  to  explain  the  low, 
long-continued,  diminished  uric  acid  excretion  by  a  retention.  There 
is  no  evidence  to  indicate  an  increase  of  uricolysis  in  gout.  Finally, 
the  uric  acid  content  of  the  blood  and  the  accumulation  of  uric 
acid  in  the  tophi  may  also  be  interpreted  as  retention  phenomena.  In 
this  acceptation  it  remains  uncertain  whether  the  retention  arises  because 
the  outiet  (kidneys)  is  blocked,  or  because  the  uric  acid  is  held  fast  by 
chemical  affinities. 

I  consider  it  of  practical  importance  to  insist,  as  a  physician,  on  the 
point  that  gouty  patients  have  a  tendency  to  uric  acid  retention — ^that 
is,  the  uric  acid  which  they  form  is  excreted  less  easily  than  is  the  case 
with  healthy  subjects.  This  has  the  following  therapeutic  consequences : 
In  the  first  place,  we  make  use  of  measures  which  are  intended  to  facilitate 
the^^excretion  of  uric  acid  in  the  urine.  In  this  regard  we  very  quickly 
reach  the  limits  of  therapeutic  possibility.    Secondly,  we  regulate  the 
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intake  of  food  so  that  the  formation  of  uric  acid  is  diminished.  This  is 
not  necessary  to  the  same  extent  at  all  times,  because  the  gouty  subject 
has  periods  in  which  he  excretes  uric  acid  exceedingly  well.  I  showed, 
in  collaboration  with  my  former  assistant,  Schliep  (119),  how  it  was 
possible  to  determine  the  eUminative  power  of  the  gouty  subject  for 
uric  acid.  This  resolved  itself  into  an  estimation  of  the  tolerance  of  the 
patient  for  nucleins  (see  similar  method  for  carbohydrates  in  diabetes). 
Naturally,  it  must  not  be  imagined  that  the  metabolic  disorder  of  gout 
can  be  cured  in  this  way.  It  is  only  a  means  of  carrying  out  a  very 
rational  functional  therapy.  It  enables  the  road  to  be  cleared  of  obstacles 
over  which  the  organism  could  not  pass  alone,  just  as  in  cardiac  patients 
the  limit  of  the  reduced  mechanical  power  of  the  heart  is  carefully  deter- 
mined. We  may,  perhaps,  hope  to  gradually  improve  the  general  condi- 
tion by  such  a  '*  sparing  "  of  the  purin  metabolism.  Experience  seems  to* 
point  in  this  direction. 

3.  The  finding  of  Bloch  (51b)  that  uric  acid  exists  in  the  blood  in  two 
different  combinations  is  extremely  important.  It  supports  the  hypo- 
thesis of  Minkowski  (1)  that  uric  acid  remains  in  the  body  of  the  gouty 
subject  because  its  compounds  are  not  sufficiently  capable  of  being 
transported  and  excreted  in  the  urine.  In  this  connection  I  think  less 
of  the  lack  of  uric  acid  binding  receptors — ^if  one  may  use  an  expression 
derived  from  the  theory  of  immunity — than  of  an  anomaly  of  fermenta- 
tion. We  now  know  how  great  a  part  the  ferments  play  in  purin  meta- 
bolism. If  a  ferment  which  converts  uric  acid  into  compounds  which 
are  easily  soluble,  easily  transportable,  and  at  the  same  time  easily 
excreted  in  the  urine,  is  lacking,  or  is  present  in  insufficient  amounts, 
then  many  peculiarities  of  gout  are  inteUigible.  However,  not  all  of  the 
phenomena,  especially  the  paroxysmal  character  of  the  disease,  can  be 
thus  explained.  On  the  contrary,  the  anomaly  of  fermentation  would 
be  just  as  compatible  with  the  assumption  of  an  endogenous  character 
of  gout  as  with  the  autotoxic,  inflammatory,  and  febrile  phenomena  of 
the  disease. 

We  have  proof  that  uric  acid  is  present  in  the  blood  in  different  forms. 
In  one  the  uric  acid  exists  as  a  salt,  in  the  other  as  a  firm  combination 
with  some  as  yet  unknown  substance.  As  soon  as  it  was  proven  that 
these  two  forms  differed  as  to  their  solubility,  capability  of  being  trans- 
ported, and  capability  of  being  excreted  in  the  urine,  and,  further,  after 
the  proof  was  forthcoming  that  the  more  difficultly  soluble,  transportable, 
and  *'excretable  "  uric  acid  was  in  excess  in  the  blood  and  tissues,  then  we 
were  justified  in  advancing  the  following  conceptions  : 

Deviations  from  the  normal  relations  can  take  place  in  three  direc- 
tions. 

1.  The  forces  (ferments  ?)  which  transform  the  uric  acid  into  its 
"  excretable  "  form  are  normal,  but  the  supply  of  uric  acid  to  the  blood  is 
so  great  that  a  certain  proportion  remains  untransformed.  Therefore 
a  part  of  the  uric  acid  remains  in  the  blood — as,  for  instance,  in  pneumonia, 
leuchsemia,  and  in  excessive  feeding  with  nuclein. 

2.  The  formation  of  **  excretable  "  uric  acid  and  its  passage  into  the 
blood  are  normal,  but  the  kidneys  are  less  capable  of  reacting,  and  with- 
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draw  the  uric  acid  from  the  blood  only  when  the  acid  reaches  a  definite 
higher  concentration  (in  nephritis,  and  perhaps,  also,  as  a  result  of  a 
specific  gouty  functional  disturbance  of  the  renal  epithelium). 

I  would  like,  in  this  place,  to  just  touch  upon  the  question  whether 
we  must  actually  regard  all  and  every  uric  acid  deposition  as  gouty  in 
character.  If  the  views  which  are  here  expressed  are  correct,  one 
can  admit  that  the  continuous  overloading  of  the  blood  with  uric  acid, 
as  is  observed  in  chronic  nephritis,  may  lead  to  deposition  of  urates  in 
specially  favoured  places — that  is,  in  places  such  as  the  metatarso- 
phalangeal joint  of  the  great  toe,  where  the  circulation  is  slow.  This 
would  have  nothing  to  do  with  pure  gout,  for  only  the  anatomical  end- 
results  are  identical.  The  SBtiology  and  the  pathogenesis  are  quite 
otherwise.  The  relations  are  somewhat  on  a  par  with  alimentary  and 
diabetic  glycosuria.  The  chemical  analysis  of  the  urine  and  the  blood 
give  the  same  findings,  glycosuria  and  hyperglycsBmia.  However,  the 
pathogenesis  of  the  two  processes  is  fundamentally  different.  The  one 
depends  on  more  artificial  and  more  casual  overloading  of  the  blood ; 
the  other  is  dependent  on  a  severe  anomaly  of  metabolism. 

3.  The  forces  (ferments  ?)  which  transform  uric  acid  into  easily 
soluble  and  "  ezcretable  "  compounds  are  weakened.  This  would  be  an 
anomaly  of  metabolism,  and,  indeed,  a  characteristic  anomaly  of  gout, 
which  is  presait  in  no  other  disease. 

It  will  be  the  next  and  most  fruitful  problem  of  the  investigation  of 
gout  to  make  clear  the  true  combining  relations  of  the  circulating  uric 
acid,  both  in  the  healthy  and  gouty  subject.  The  theory  of  gout  will 
obtain  a  sure  foundation  only  when  this  preliminary  question  is  decided. 
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16.  WmsrsLAXTD :  Ueber  HamBaurebild.  beim  Mensohen.  D.  A  1896.  382. 
B.  k.  W.     1896.    406. 

16.  Gbubs:  Ueber  gicht.  Erkrankungen  dee  Magena  V.  0.  M.  18.  189. 
1900. 

17.  Falxxnstxot  :  Ueber  das  Weeen  der  Gicht  und  ihre  BehandL  D.  m.  W. 
1904.    67. 

18.  Edikoib:  Bedent.  der  Rhodanverbind.  fur  den  Oigaiiismna.  D.  ul  W. 
1908.    Nr.  29. 

19.  Falxxnstsxit  :  Ueber  das  Verhalt.  der  Hamsaure  and  des  Hamstofb  bei 
Gicht    B.  k.W.     1906.    228. 

20.  Obohbnxb  ds  Gokdick  :  C.  r.  S.  B.    60.    298.     1898. 

21.  GBOBSHAjm:  Zur  Kenntnis  dee  Hamsaoiestoffw.  des  Harnindikans  bei 
Gichtkianken.    B.  k.  W.    1908.    Nr.  24. 

22.  y.  NoosDEN  u.  Ritteb:  Stoffw.  der  Nierenkranken.  Z.  M.  19.  197. 
SuppL     1891. 

23.  PETste :  Vorkommen,  Menge  and  Abstammang  der  Xanthinbasen  in  den 
F&ses.    Sk.Ar.P.    7.    316.     1898. 

24.  Wai<kxr  Haix  :  A  Gontrib.  to  the  Knowledge  of  the  Porin  Bodies  of  Homan 
FtBoes.  J.  P.  and  B.  9.  246.— KsttosB  u.  Sghhtbnhslic  :  Die  Porinkdrper  der 
menschL  Faxes.  Z.  M.  86.  163.  1902;  46.  H.  1906.~-Schittsnhxlm  :  Die 
Porinkdrper  der  Fazes.    D.  Ar.  M.     81.    423.     1904. 

26.  Strasbubosb  :  t)ber  die  Bakterienmenge  in  menschL  Fazes.  Z.  M.  46. 
426.  1902.— SoHiTTXNHELH  u.  ToLLENS :  VheT  den  qoant  Anteil  der  Bakterien 
an  Stickstoflf  and  Parinbasen  der  Fazes.    C.  i.  M.     1904.    Nr.  30. 

26.  <GrABBOD:  Natare  and  Treatment  of  Gout  1861  (English  and  German). 
Wiirzburg. 

27.  Lehmahn:  PhysioL  Chemie.  L  221.  I860.— Ranks:  t)ber  Ausscheid. 
der  Hamsaure.  1868.— Bbaun  :  Beitr.  zu  einer  Monographic  der  Gicht  I.  Heft 
I860.— LiooBGHiB :  Traits  de  la  goatte.  1884.— CAiiTAia :  Oxalurie,  Gicht,  Stein- 
krankh.  1880.^Babtkls  :  Ueber  die  Ursaohen  einer  gesteigerten  Hamsaure- 
aussch.    D.  Ar.  M.     1.    1.     1866. 

28.  BuBiAN :  Die  Bild.  der  Hamsaure  im  Organ,  des  Meoschen.  M.  K.  1906. 
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29.  WiBNKB :  Synthet  Bildung  der  Hamsaure  im  Tierkorper.  Be.  P.  P.  8. 
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30.  ScHiTTXNHSLU :  UeboT  die  Fermente  des  NakkinBtoffw.  Z.  p.  C.  48. 
228.     1904. 

30a.  Schittenhslm  :  lit  Nr.  30  and  32. 

30b.  JoKis  u.  Pabtbidob  :  Ueber  die  Guanase.  Z.  p.  C.  48.  343.  1904.— 
JoKBS  u.  WnrrBBNiTK :  Ueber  die  Adenase.    Ibid    44.    1.     1906. 

31.  ScHiTTXNHBLU :  DcT  Nukleiustofihr.  u.  seine  Fermente.  Z.  p.  C.  46. 
364.     1906. 

32.  Spitzkb:  Die  Ueberfuhrung  der  Nukleinbasen  in  Hamsaure.  Ar.  P.  M. 
76.  192.  1899.— WiBNBB :  Ueber  Zersetzung  u.  Bildung  der  Hamsaure.  £.  A. 
48.  373.  1899.— ScHiTTBNHBLH :  Ueber  die  Hamsaurebild.  in  Gewebsausziigen. 
Z.  p.  C.  48.  261.  1904  and  Nr.  30.- Ueber  Hamsaurebild.  und  Hamsaure- 
zersetz.  Z.  p.  C.  46.  121.  1906. — ^Bubian:  Ueber  die  ozydatiFe  und  die  yer- 
meintL  synthet  Bildung  von  Hamsaure  im  Rinderleberauszug.  Z.  p.  0.  48. 
497.     1906. 

33.  WiENXB :  Nr.  32.— Asoou :  Ueber  die  Stellung  der  Leber  im  Nukleinstoffw. 
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ansnch.  Ibid.  94.  273.  1902.— Walkkb  Hall:  The  Purin  Bodies  of  Food- 
Btufis.  1902.— SivtN:  Zur  KenntniB  der  Harnsaurebild  Sk.  Ar.  P.  11.  123. 
1900.— Kauvmann  it.  Mohb  :  Nr.  7. — ^RooxwooD :  The  Elimmfttion  of  Endogenous 
Uric  Acid.    A  J.  P.     12.    38.     1904.— B.  Blooh  :  lit.  Nr.   36a. 

36.  BuBiAN  u.  Schub:  Nr.  32.    P.  310  (1902).— Walkbb  Hall:  Lit.  Nr.  35. 
36a.  Rzentkowski  :  Zur  Frage  der  AlloziirkorperaiifiBoh.  onter  dem  Kinflufw 
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Ebstxin  u.  Spraque:  Beitr.  zor  Lehre  Fon  der  harnsauren  Diathese.  1891. — 
VoosL:  Nr.  5. — Maonus-Lwt:  Nr.  7.— His:  Die  Ausscheid.  der  Namsaure  im 
Urin  der  Gichtkranken.  D.  Ar.  M.  6S.  166.  1900.— Badt:  Hamsaure  oder 
Alloxnrdiatheee.    Z.  M.    84.    369.     1896  —Watson  :  lit  Nr.  7. 

38.  PFXEms:  Zur  AetioL  und  Ther.  der  harnsauren  Steine.  Vth  V.  C.  11 
1886.  444.— Hamsaureauflsoh.  und  Hamaaureloeung.  VII.  V.  C.  M.  1888. 
337.— Die  Natnr  und  BehandL  der  Gicht.  VIII.  V.  C.  M.  1889.  166.— Die 
Gicht  und  ihre  BehandL     1891. 

39.  Ebstbik  uI  Sfbaqub:  lit  Nr.  37. — ^v.  Noobdbn:  Beferat  uber  Gicht 
B.  k.  W.  1898.  P.  1221.— PathoL  des  Stoffw.  P.  434.  1893.— Robbbts  : 
Ghem.  and  Therap.  of  Uric  Add  Gravel  and  Gout    1892.— Minkowski  :  lit  Nr.  1. 

40.  EouscH :  Ueber  Weeen  und  BehandL  der  uratischen  Diathese.    1896. 

41.  ZttLZBB :  Ueber  die  Albxurkorperaussch.  bei  Nephritis.    B.  k.  W.  1896.  69. 

42.  His  :  Untersuch.  an  Gichtkranken.    Ibid    1896.    970. 

42a.  KAuniAirsr  u.  Mohb  :  lit  Nr.  7.— Walkeb  Hall  :  lit  Nr.  44.— Bbnjakin  : 
Ueber  Purinbasen-Aussoheid.    Salkowski-Festschr.    S.  61.    1904. 

43.  Laqubb  :  lit  Nr.  7.— Strauss  :  Pathogen,  und  Ther.  der  Gicht  W.  Ab. 
n.  H.  8.  1902. — Gbossmann:  lit  Nr.  21. — Bbugsc«,  Kauviiakn  u.  Mohb: 
lit  Nr.  7.— Y.  NooBDBN  u.  Sghlisp:  Ueber  intermit  diatet  Behandl.  der  Gicht 
B.  k.W.    1905.    Nr.  41. 

44.  Walkbb  Hall:  The  Chem.  Path,  of  Gout  B.  M.  J.  24  Sept,  1904.— 
Gouty  Urines.    B.  M.  J.    1906.— Purin  Bodies.    1902.    P.  124. 

46.  Lbbbb  :  lit  Nr.  7. — Esghxbubo  :  Zur  Eenntnis  der  Hams&ureaussch.  bei 
Gicht  Mu.  m.  W.  1906.  Nr.  47.— WEnrrBAUD :  Beitr.  zum  Stoffw.  der  Gicht 
C3i.-AiL  1895.  276.— Maokus-Lbyt  :  lit  Nr.  3.— Rommxl  :  Die  Ausscheid.  der 
AUoxurkorper  bei  Gicht    Z.  M.    80.    200.     1896. 

46.  Pfxhvbb:  lit  Nr.  38.— Ueber  Hamsaure  und  Gicht  B.  k.  W.  1892. 
Nr.  16,  17,  19,  20,  21. — Ueber  die  Ausscheid.  im  Uiin  wahrend  des  akuten  Gicht- 
anfaUes.    B.  k.  W.    1896.    319. 

47.  Ebstein  :  Nr.  37.— Vogbl  :  Nr.  6. 

48.  V.  NooBDEN :  Nr.  6.    P.  436. 

49.  His  :  Untersuch.  an  Gichtkranken.  W.  m.  B.  1896.  291.— Die  Ausscheid. 
der  Hamsaure  im  Urin  Gichtkranken.  D.  Ar.  M.  65.  166.  1900.— Maonus- 
Lbvy  :  Nr.  3. 

60.  Whntbaud  :  Ueber  Hamsaure  im  Blute.    W.  k.  R.    1896.    Nr.  1,  2. 

61.  Stbauss:  Ueber  die  Beeinflussung  der  Hamsaure-Aussoheid.  durch  die 
EztraktiTst.  des  Fleisches.  B.  k.  W.  1896.  710;  und  (fiber  Blut)  die  ohron. 
Nierentzundungen.     1902.    P.  108. 

61a.  Schub  :  Die  Bedeut  der  Hamsaure  in  der  Path,  des  Stoffw.  W.  m.  P. 
1906.    Nr.  3,4. 

61b.  Bloch  :  Zur  Kenntnis  des  Purinstoffwech.  beim  Menschen.  Ar.  M.  88. 
499.    1906. 

62.  Gabbod  :  Nr.  26.    P.  62. 

63.  Salohok  :  Ueber  pathoL-chem.  Blutuntersnoh.    C3i.-An.    5.    139.    1880. 

64.  Klxmpkbbb  :  Zur  Path,  und  Ther.  der  Gicht    D.  m.  W.    21.    666.    1896. 
66.  Bxnob-Jonbs  :  Gravel  Calculus  and  Gout  (English  and  German).    1846. 

— Chaboot  :  L6c.  clin.  sur  les  maladies  des  vieillards.  1874.— Raitkb  :  L  c  (No. 
27).— Dtcb  Duokwobth  :  Gout  (English  and  German).    1894. 

66.  Haiq  :  Microsc.  Detection  of  the  Uric  Acid  in  the  Blood.  L.  1898.  860. 
Haig  :  Uric  Add.    1902  (English  and  German). 

67.  Lunr:  L.    1898.    860. 

68.  Klbmpxbbb  :  Ueber  einige  Fermentwirkungen  des  mensohL  Blutes.  Leyden- 
Festsohr.    IL     1902,  and  C.  L  M.     1904.    Nr.  62. 

58a.  TBJDrxvxB:    Ueber   das    Hanis&uie-LSsungsTermdgen    von   Blutserum. 

M-2 


690  THE  PATHOLOGY  OP  METABOLISM 

C.  L  11  1904.  Nr.  45.— Ritteb:  Bedingunflea  for  die  Entstehung  von  Ham- 
B&urefiedimenteii.  Z.  B.  86.  155.  1807. — ^Lsvison:  Die  Hams&iirediathefle. 
1893.— Levison  :  Pftthogeneee  der  Gicht  Z.  M.  26.  293.  1894.— Lbvison  : 
Die  Hanisaure  ab  KrankheJigursache.  Ar.  V.  8.  478.  1898.— Luff  :  Pathology 
and  Treatment  of  Gout     1900  (English  and  Qerman).— Stbauss  :  Nr.  51  (1902). 

58b.  Taylok:  Solubility  of  Urio  Aoid  in  Blood-flerum.  J.  B.  C  1.  177. 
1906. 

580.  Fabkas:  Ueber  die  Konzentration  der  HydroxyHonen  im  Blnteenim. 
At.  P.  M.  98.  551.  1903.— HObeb  :  Ueber  die  Hydrozylionen  dee  Blutes.  Ibid. 
99.  572.  1903.— Fbakkxl  :  Methode  sor  Bestim.  der  Beaktion  des  Blutes.  Ibid. 
96.    601.     1903. 

59.  MiNKOWBKi :  Nr.  1.    P.  203. 

60.  MiNKOWBKi :  V.  C.  M.     1900.    439  and  Nr.  1.     P.  205. 

61.  Goto:  Ueber  die  Losung  der  Hamsaure  duroh  Nukleinsaure.  Z.  p.  C. 
80.    473.     190a 

62.  His  :  Die  hamsauren  'Ablagerungen  des  Eorpers  u.  die  Mittel  zu  ihrer  Losung. 
T.  G.    8.    434.     1901. 

63.  SGHrrrsNHBUf  u.  Bbvdiz  :  Ueber  das  Schioksal  der  in  die  Blutbahn  einge- 
braohten  Nukleinsaure.    D.  m.  W.     1904.    Nr.  32. 

64.  Ebstbin  u.  Sfbaqux':  Beitr.  sur  AnaL  gichtisoher  Tophi.  Ar.  p.  A  125. 
207.     1891. 

64a.  Almaoia,  Pjjujfbb  :  Znr  Lehre  von  Hamsaure-StoffweohseL  Be.  P.  P. 
7.    459,463,466.     1905. 

65.  Ebstbin  :  Die  Natur  und  BehandL  der  Gicht  1882.— ▼.  Leyden's  D.  K. 
HL  98.  1902.— V.  Loohbk  :  Betraohtungen  uber  einen  atyiMsohen  FaU  von  Gioht. 
P.  W.     1904.    Nr.  36,37. 

66.  Fbsudwzelbb  :  Uber  das  Wesen  der  Giohtknoten.  D.  Ar.  M.  68.  266. 
1899.— Uber  die  Entstehung  der  Giohtknoten.     Ibid.     69.     155.     1901. 

67.  Nauktn  :  Ueber  die  Chemie  der  Transsudate  und  des  Eiters.  D.  A.  1865. 
266. — FiOKAXDT:  Znr  Kenntnis  der  Chemie  path.  Eigusse.  R  k.  W.  1897. 
Nr.  33. 

68.  y.  Noobdxn:  Nr.  6.  P.  439.— LiKHATSOHBFr :  Uber  die  Ureterenunter- 
faindungbei  Hiihnenu  etc     Be.  A.  P.     80.     102.     1896. 

69.  AXBMPSEBB :  Nr.  54.— Strauss  :  Nr.  51  (1902).— Fbxudwbilxb  :  Nr.  66 
(1901). 

69a.  Loohxm  :   Ezperimentelles  zur  Gichtfrage.     D.  Ar.  M.    85.    416.     1905. 

70.  V.  Noobdbn  :  Nr.  6.    P.  439. 

71.  Pfxiffbb:  Die  Gioht    P.  42.     1891. 

72.  JiFFBiBS :  The  Reaction  of  the  Blood.  B.  M.  ft  S.  J.  ISO.  503.  1889.— 
DBOunr :  H6moalcalim6trie.    P.  169.     1892. 

73.  Kubmpekbr:  L  o.  (54).— MAOKUS-Lxyr :  (3).— Strauss  :  Ueber  das  Ver- 
halten  der  Blutalkaleszenz  des  Menschen.  Z.  M.  80.  317.  1896.— Watson  : 
General  Metab.  and  the  Blood  in  Gout  B.  M.  J.  1.  10.  1900.— Luff  :  Alka- 
linity of  the  Blood  in  Gout  Ibid  1.  1066.  1898.— Loewt  :  Ueber  die  Alkales- 
zenzverhalt  des  mensohL  Blutes.    C.  m.  W.     1894.    785. 

74.  MoBDHOBST :  Ueber  Fleisohnahrung  bei  Gicht    V.  0.  M.     18.    499.     1893. 

75.  Y.  NoOBDBN :  Neue  Arbeiten  uber  Gicht    B.  k.  W.     1898.    1221. 

76.  V.  Noobdbn  :  Nr.  6.    P.  439. 

77.  RiNDFLBisoH :  Ueber  Bildung  und  Riickbild.  gichtisoher  Tophi  Ar.  p.  A 
171.    361.     1903. 

77a.  Loohbm  :  Sur  la  r6sorp.  de  I'adde  urique  et  de  I'urate  de  sonde.  An.  P. 
1904-1906. 

78.  RoBBBTS :  The  Chem.  and  Therap.  of  Urio  Add  Gravel  and  Gout  B.  M.  J. 
1898.     1.     1285,  1347.    H.     6,  61. 

79.  Mbnbblsohn  :  Problem  der  Hamsaureauflosung.    D.  m.  W.     1895.    Nr.  18. 

80.  His :  Uber  das  Verhalten  der  Hamsaure  in  Losungen.  V.  a  M.  18.  427. 
1900. — ^Klbmpxbbb:  Beitr.  zur  Erklarung  hamsauier  Niederschlage  im  Urin. 
Z.  d.  p.  T.  6.  48.  1901.— LooHBM :  lit  Nr.  69a.— His  u.  Paul:  Uber  das 
Verhalt  der  Hunsaure  und  ihrer  Salze  in  Losungen.    Z.  p.  C.   81.    1  and  64.     1900. 

80a.  Kionka  u.  Fbbt  :  Beitr.  zur  Kenntnis  der  Gicht  Z.  e.  P.  8.  1.  1905. 
— Kionka:  Entstehung  und  Wesen  der  Gioht  D.  m.  W.  1905.  Nr.  29.— 
Abdbbhaldxn  u.  SoHiTTBNHBUf :  Bemerkuugon  zu  den  Arbdten  Ton  Frey.  Z.  e.  P. 
a.    1905.— loNATOwaxi :  lit  Nr.  103.— Lipstben,  Fossnab  :  lit  Nr.  104. 
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81.  Sghbkbib  u.  S^ubt  :  Ueber  die  bei  Vogeln  konstlioh  za  erzeageiiden  Ham- 
sameablagerangeiL    Ar.  P.  M.     79.    53.     1900. 

82.  Rixhl:  Znr  Anat  der  Gicht  W.  k.  W.  1897.  761.~Fbbudwiilkb  : 
Nr.  66  (1901).— Rosenbach:  B.  k.  W.  1904.  610.— LraraN:  Ibid  P.  609.— 
AscHOVP :  HistoL  Untenach.  uber  HanuMUueaUagenuigeii.  V.  D.  G.  1899  and 
1900. 

83.  Kbauss  :  Znr  KenntiuB  der  Uratablagenmgen  im  Gowabe.  Z.  M.  60.  136. 
1903.— Minkowski  :  L  o.  (1). 

84.  Goto,  His,  Minkowski  :  Nr.  60-62. 
86.  Gabbod  :  Nr.  26.    P.  71. 

86.  Lkhmann  :  L  o.  (27).  L  223.— Bouohabd  :  L  a  (2).  P.  266.— Mabtini  m 
UBAiJ>im:Bech.  8arlaooinpo6.de  la  sneiird'angoatteaz.    P.  ULb.     1866.    Nr.  41. 

87.  KuBNB :  HijboL  demie.    P.  436.     1868. 

88.  TiCHBOBNB :  Gn  the  EHmination  of  Urio  Add  by  the  Skin.  B.  BL  J.  1887. 
n.     1097. 

89.  BouGHXBON :  a  r.  8.  B.    4  Mai,  189a 

90.  Hatbm  :  dt  by  Minkowski  :  L  o.  (1).    P.  96. 

91.  Maonus-Lbvt  :  lit  Nr.  3. 

92.  Gabbod  :  1.  o.  (26).    P.  51  n.  60. 

93.  Gbawitz  :  Beobacht.  uber  ein  neaes  haniaaqrelgflendes  MitteL  D.  m.  W. 
1894.    Nr.  14.— V.  Ldcbbok  :  KUn.  Path,  des  Blutes.    P.  348.    Jena,  189a 

94.  Tkn  Catb  :  Bdtr.  znr  gioht  Diatheae.    Dias.    Getting.     1899. 

95.  Mubot  and  Maloolk  :  Metab.  of  Nucldns.    J.  P.    88.    217.     1898. 

9a  Nbusskb:  Ueber  einen  beaondem  Blntbefand  bei  niatischer  Diatheae. 
W.  kW.     1894.    727. 

97.  Fdtghxb  :  Ueber  den  Znaammenhang  zwiaohen  der  aog^rinuUeftren  Baao- 
philie  und  der  Ausach.  der  AUoxorkorper  im  Ham.    C.  L  M.     Iwa    985. 

96.  Ehbligh  u.  Lazabus  :  Die  An&Tnift     p.  28.     1898. 

99.  Waldyoobl  :  Der  8toffw.  im  GichtanfalL  C  S.  3.  1.  1902.— Strattss  : 
Lc.    Nr.5L    P.  69. 

99a.  Stbattss  :  Gioht  n.  Tnberkokiee.    R  K  T.    8.    365.    190a 

100.  Gabbod  :  Nr.  2a    a  6a 

101.  CAMXBSBxGeaamt-N.HarDBtofi^Hama&urenndXanthinkdrperimmeDaohL 
HanL    Z.B.    88.    72.     1891. 

102.  Bobdtkbb  :  Bdtr.  zor  Kenntnis  dea  Eiweiaaabbanes  im  menaohL  Grganis- 
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CHAPTER  m 

OBBSITT 

Bt  CABL  ton  KOOBDEN. 
TranbIiAtbd  bt  D  Sfbhcx,  Ph.D. 

L— THE   ENERGY   EXCHANGE. 

Obxsitt  is  the  result  of  a  long-continaed  diBproportion  between  the 
amount  of  fat  consumed  and  that  metabolized.  It  has  aheady  been 
pointed  out  that  protein  may  be  retained  in  the  body,  and  may  therefore 
be  regarded  as  a  source  of  gain,  although  the  amount  of  such  protein  is 
usually  small,  and  only  becomes  large  when  the  calorific  value  of  the 
food-supply  is  enormously  increased,  or  when,  for  other  reasons,  an 
energetic  cell  growth  occurs.  With  this  exception,  by  far  the  greater 
part  of  that  food  which  is  not  required  for  the  immediate  wants  of  the 
tissues  goes  to  enrich  the  fat  depots ;  indeed,  often  the  entire  quantity 
of  this  excess  food  is  thus  deposited,  the  protein  remaining  practically 
the  same  [Pfliiger  (1)].  Leaving  from  our  consideration,  therefore,  the 
deposition  of  protein — ^which  only  takes  place  under  favourable  condi- 
tions— the  following  facts  remain  : 

The  ingestion  of  a  quantity  of  food  greater  than  that  required  by  the 
body  leads  to  an  accumulation  of  fat,  and  to  obesity  should  the  dispro- 
portion be  continued  over  a  considerable  period. 

From  this  it  follows  that  obesity  may  occur  as  the  result  of — 

1.  An  increased  food-supply  with  normal  energy  expenditure. 

2.  A  normal  food-supply  with  diminished  energy  expenditure.  Here 
one  must  distinguish  between  expenditure  of  energy  diminished  on 
account  of  muscle  inactivity  and  that  diminished  as  the  result  of  a 
diseased  condition  of  the  ceUs  of  the  body,  whereby  the  oxidation  processes 
are  carried  out  less  energetically — t .e.,  a  slowing  of  metabolism. 

3.  A  combination  of  both  conditions. 

The  extent  to  which  these  factors  are  severally  instrumental  in  causing 
the  various  clinical  forms  of  obesity  is  a  question  to  be  dealt  with  in  the 
special  works  on  pathology  [von  Noorden  (2)].  Here  we  have  only  to 
consider  the  question  whether  or  not  a  form  of  obesity  exists  which 
is  the  result  of  a  diminution  in  the  energy  of  protoplasmic  decomposition, 
which  may  therefore  be  regarded  as  the  result  of  abnormal  metabolism. 
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1.  Obesity  Assodated  with  Normal  Expenditure. 

Clinical  experience  has  shown  beyond  all  doubt  that  when  the  amount 
of  actual  energy  expenditure  lies  within  the  normal  limits,  obesity  is 
due  to  a  long-accustomed  but  excessive  intake  of  food.  The  amount  of 
food  consumed,  and  the  nature  of  that  food,  a£ford  valuable  indications 
of  obesity  from  such  a  cause.  Such  obese  individuals  frequently  prefer 
fat-forming  or  carbohydrate  food  in  which  a  high  calorific  value  is  com- 
bined with  small  volume. 

As  a  rule  it  is  the  natural  inclination  on  the  part  of  every  human  being 
to  maintain  his  state  of  nutrition  at  a  constant  level,  this  level  being 
determined  by  his  own  free  will — ^that  is  to  say,  he  regulates  his  food- 
supply  without  any  precise  regard  to  the  actual  requirements  of  his 
tissues.  Equilibrium  is  not,  of  course,  maintained  at  every  hour  of  his 
life  ;  at  one  time,  perhaps,  the  intake  is  excessive,  at  another  time  it  is 
insufficient,  but  on  the  whole  the  general  balance  is  maintained.  The 
mean  value  for  the  calorific  requirements  of  the  body  can  be  calculated 
from  known  data.  For  a  healthy  individual  weighing  70  kilogrammes, 
engaged  in  the  ordinary  duties  of  life,  40  calories  per  kilogramme  body- 
weight  per  diem,  making  2,800  calories  in  all,  are  required  (see  dis- 
cussion on  Chittenden's  experiments).  The  calorific  supply  may  be 
made  up  as  follows  : 

Calories, 

120  grammes  protein  . .  492 

160  grammes  fat      . .  1,396 

30  grammes  alcohol  210 

170  grammes  oarbohydrates  . .  700 

Total     ..  ..    2,797 

It  is  reasonable  to  suppose  that  at  certain  times  slight  changes  may 
occur  in  taste,  or  in  choice  of  food,  or  in  its  preparation  and  quantity, 
whereby  the  calorific  value  of  the  food  may  be  raised  to  slightly  exceed 
the  mean.  On  a  diet,  for  example,  containing  a  little  more  albumin, 
fat,  and  carbohydrate,  the  calorific  value  may  be  increased  by  200  while 
the  individual  continues  to  engage  in  his  usual  duties.  These  200  calories 
represent  such  a  small  amount  of  food  that  neither  eyesight  nor  appetite 
afford  any  indication  of  it,  and  therefore  the  person  can  say  to  the  best 
of  his  knowledge  that  his  food-supply  has  not  been  altered,  although  he 
has  obviously  become  corpulent.  The  200  calories  in  question  are  con- 
tained in — 

^  litre  milk, 

or     26  grammes  butter, 

,t    200  grammes  lean  meat, 

„    100  grammes  fat  meat, 

„      90  grammes  rye-bread, 

„    A  litre  light  beer. 

Gases  in  actual  life  in  which  the  mean  calorific  value  of  the  food- 
supply  is  unknowingly  exceeded  occur  very  frequently,  and  the  actual 
meaning  of  the  small  excess  of  200  calories  per  diem  may  be  illustrated 
by  the  following  calculation  :  The  entire  food  excess,  with  the  exception 
of  a  small  fraction  negligible  in  this  calculation,  is  laid  up  in  the  fat 
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depots,  200  calories  corresponding  to  21*5  grammes  fat,  so  that  a  total 
fat  accumalation  of  7*86  kilogrammes  may  occur  in  one  year.  As  the 
fatty  tissues  contain  water,  the  increase  in  weight  may  be  as  much  as 
11  kilogrammes. 

The  example  just  cited  is  characteristic  of  what  occurs  very  often 
in  every-day  life,  and  is  intended  to  express  numerically  how,  by  an 
insignificant  increase  in  the  food  over  and  above  the  amount  actuaUy 
required  by  the  body,  a  state  of  obesity  may  gradually  develop.  It 
shows,  further,  how  laige  the  calorific  value,  and  yet  how  small  the  actual 
amount  of  the  food  required  may  be  in  order  to  produce  such  a  state. 

There  is  no  fundamental  difference  between  this  form  of  obesity  and 
other  forms  in  which  a  disproportion  between  the  amount  of  food  supplied 
and  that  utilized  is  brought  about  by  a  gradual  though  incomprehensible 
diminution  in  muscular  activity.  Such  cases  are  quite  as  numerous, 
and  these  persons  become  obese  as  the  result  of  insufficient  physical 
exercise.  This  may  be  due  to  an  inherent  desire  on  the  part  of  the  person 
for  ease,  or  to  some  infirmity,  such  as  heart  failure  or  disease  of  the  limbs, 
or  it  may  be  the  result  of  a  phlegmatic  temperament,  whereby  the  indi- 
vidual leads  a  sedentary  indoor  life  with  little  or  no  opportunity  for 
engaging  in  active  work.  Such  individuals  become  less  healthy,  but 
not  through  a  diminished  capacity  on  the  part  of  the  cells  to  carry  on 
tiieir  oxidation  processes.  If  the  ceUs  were  permitted  to  work,  then  they 
would  carry  out  their  functions  even  as  extravagantly  as  those  of  the 
normal  individual.  If  the  disinclination  for  muscular  exercise  is  com- 
bined with  an  increased  indulgence  in  food — which  is,  unfortunately, 
only  too  often  the  case — ^then  the  danger  of  undesirable  corpulency  is, 
naturally,  doubled.  There  can  be  no  doubt  but  that  obesity  so  pro- 
duced must  be  regarded  as  a  disease,  for  the  functions  of  the  various 
organs  of  the  body,  in  particular  those  of  the  vascular  system,  are 
damaged,  and  life  may  be  thereby  shortened.  One  cannot,  however, 
regard  this  as  disordered  metabolism,  for  the  metabolism  of  such  obese 
persons  is  normal,  and  remains  so ;  it  is  the  mode  of  living  which  is 
abnormal  (exogenous  obesity). 

Clinical  experience,  as  well  as  experimental  results,  show  that  this 
form  of  obesity  is  by  far  the  most  common.  It  is  generally  recognised 
as  such,  and  the  question  only  remains  whether  or  not  a  form  of  obesity 
occurs  which  is  the  result  of  impaired  energy  exchange. 


2.  Obesity  due  to  Retarded  Metabolism— Endogenous  Obesity. 

It  is  the  general  opinion  of  both  physician  and  layman  that  there 
are  obese  persons  whose  condition  is  to  some  extent  independent  of  over- 
eating or  deficient  physical  exercise,  and  is  rather  the  result  of  a  *'  con- 
stitutional tendency."  Such  cases  cannot  be  brought  under  control 
through  intelligent  regulation  of  diet  and  exercise.  Expressed  in  the 
language  of  metabolism,  this  would  denote  that  their  corpulency  was  due 
to  a  slowing  in  the  processes  of  metabolism,  or,  in  other  words,  to  an 
abnormal  cellular  activity  inherited  or  acquired  in  after-life.     The 
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abnormal  condition  may  be  advantageously  expressed  by  the  much 
misused  phrase,  "  a  slowing  of  metabolism."  I  mean  thereby  that  the 
unit  of  protoplasm  in  such  a  case  consumes  less  material  in  doing  external 
work  than  in  the  normal  individual. 

The  question  can  only  be  answered  by  a  careful,  and  at  present 
somewhat  difficult,  investigation.  Several  methods  have  been  sug- 
gested. 

(a)  By  determination  of  the  oxygen  consumed. 

(b)  By  determination  of  the  total  daUy  exchange. 

(c)  By  determination  of  that  diet  which  will  serve  to  mamtam  or  to 
increase  the  body-weight  when  continued  over  a  considerable  period. 


(a)  The  Oonaumptian  in  Oxygen. 

The  first  estimations  of  this  kind  were  carried  out  by  Zunts  and 
von  Noorden  (3).  They  were  made  in  regard  to  the  consumption  of 
O^npon  two  obese  persons  at  rest  and  during  astate  of  fasting  (see  Vol.  L, 
p.  198).    Similar  experiments  have  been  made  by  Thiele  and  others  (4). 

The  following  table  includes  the  whole  of  the  existing  records  : 


O^eonmmed 

No. 



8€X, 

Age. 

Weight. 

Height. 

in  e.e.  per 
Mirnae. 

fW  C.C  JW 

£jr.  per 

Author. 

Ymn. 

Kg. 

Cm. 

1 
2 

M. 
P. 

30 
35 

940 

700 

167 
8maU 

256-1 
233-1 

2-71\ 
3-33/ 

Von  Noorden 

3 

P. 



124-5 



287-2 

2-31 

Thiele  and 

4 

M. 

36 

970 



2720 

2-80 

NehringStiiye 

6 

Child 

4 

48-8 

129 

153-6 

3-16^ 

6 

P. 

64 

69-5 

161 

239-8 

3-46 

7 

P. 

66 

760 

144 

188-6 

2-48 

8 

P. 

25 

770 

166 

226-6 

2-94 

9 

P. 

67 

88*0 

? 

330-2 

3-74 

10 

P. 

43 

1070 

160 

257-3 

2-40 

11 

P. 

32 

111-4 

160 

257-3 

2-40 

Magnus-Levy 

12 

P. 

41 

133-3 

152 

2820 

212 

13 

M. 

23 

80-2 

174 

257-8 

3-22 

14 

M. 

43 

801 

169 

278-6 

3-48 

16 

M. 

71 

91-5 

169 

2580 

2-82 

16 

M. 

28 

92-7 

167 

262-2 

2*83 

17 

M. 

46 

96-0 

167 

231-2 

2-41 

18 

M. 

48 

109-0 

167 

307-2 

2-82> 

19 

M. 

28 

1260 

163 

4140 

3-29 

20 

M. 

53 

1120 

173 

357-0 

317 

Jaqnet  and 
Svenson 

21 

22{ 

23 
24 

M. 

Same 
as  21 

46 
16 

90-0 
90-0 

165 
165 

268-0 
232-0 

2-97 
2-58 

P. 
P. 

98-0 
730 

168 
163 

249*0 
199-0 

2-541 
2-72J 

\ 

Salomon 

Several  of  these  *' average"  figures  for  the  oxygen  consumed  are 
probably  higher  than  the  real  values  for  such  cases  when  at  rest  and  in 
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the  fasting  state,  for  the  patients  were  not  sufficiently  accustomed  to 
the  technique  of  the  experiment  to  maintain  a  state  of  rest  over  a  suffi- 
ciently long  period.  Nevertheless,  if  one  considers  this  and  deducts 
from  all  the  above  figures  10  per  cent,  for  experimental  error,  they  are 
still  too  high  to  admit  of  the  conclusion  that  a  diminished  cellular 
activity  exists  in  the  obese  state.  Several  of  the  values,  not  only  absolute^ 
but  also  relative  to  the  height  and  the  weight  of  the  person,  lie,  it  is  true, 
below  the  lowest  value  for  the  normal.  They  are  perhaps  pathological, 
but  we  have  no  guarantee  for  this,  and  therefore  they  do  not  substantiate 
far-reaching  conclusions.  One  ought  not,  however,  to  forget  that  the 
value  for  the  oxygen  consumed,  when  reduced  to  c.c.  per  kilogramme 
body-weight,  must  be  less  than  the  normal  value.  It  is  not  for  the 
entire  body  that  the  intensity  of  metabolism  and  consumption  in  oxygen 
is  determined,  but  only  for  the  total  mass  of  living  protoplasm,  the  in- 
active fat  taking  no  part  in  the  respiratory  exchange.  It  is  probable, 
however,  that  one  could  discern  pathological  deviations  from  the  normal 
by  reducing  the  values  found  to  the  superficial  developments  of  the 
body.  Unfortunately,  this  calculation  cannot  be  made  from  the  above 
figures,  but  in  future  experiments  this  must  be  considered.  The  various 
steps  in  such  a  calculation  are  given  by  Buhner  (5). 

The  experimental  study  of  the  influence  of  exercise  on  the  metabolism 
of  vigorous  and  muscular  persons  of  obese  tendencies  shows  that  they 
can  accomplish  a  piece  of  work  with  the  same  expenditure  of  energy  as  a 
healthy  person.  Obese  persons  of  weak  constitution  utilize  less  economi- 
cally the  calories  set  free — ^for  example,  the  amount  of  work  accomplished 
in  climbing  a  stair  only  represented  11  per  cent,  of  the  calorific  expendi- 
ture compared  with  25  per  cent,  in  the  normal  (see  Vol.  I.). 

The  work  of  Jaquet  and  Svenson  appeared  to  suggest  new  ideas. 
They  found  no  appreciable  diminution  in  the  metabolic  activity  of  the 
obese  during  a  state  of  rest  or  fasting.  They  examined  later  the  increase 
in  the  oxygen  consumption  after  food,  and  came  to  the  conclusion  *'  that 
the  increase  in  the  amount  of  oxygen  used  is  appreciably  less  and  of 
shorter  duration  in  an  obese  subject  than  in  the  normal  individual ;  it 
is  possible,  indeed,  to  establish  an  evident  tendency  towards  a  sparing 
of  material  large  enough,  ceteris  paribus,  to  account  for  a  fat  accumula- 
tion in  the  body."  This  would  point  to  an  actual  diminution  in  the 
metabolic  activity  of  the  obese  organism.  In  other  words,  obese  persons 
would  appear  to  accomplish  the  work  of  digestion  with  less  calorific 
expenditure  than  the  ordinary  individual.  The  calculation  made  by 
Jaquet  and  Svenson  is,  however,  faulty  and  inadmissible.  They  calculate 
the  percentage  increase  in  the  oxygen  consumption  on  the  fasting  period 
brought  about  by  the  work  of  digestion,  and  find  that  this  increase  is 
less  than  was  found  by  A.  Magnus-Levy  for  normal  cases.  In  their 
calculation,  however,  two  quantities  are  brought  together  which  are  not 
in  reality  comparable— the  energy  consumed  during  a  state  of  rest  and 
the  work  during  digestion.  If  the  body-weight  is  not  approximately 
that  of  the  average,  then  one  can  only  strictly  compare  the  absolute 
increase  in  energy  expenditure  which  alone  affords  an  estimate  of  the 
work  of  digestion  in  healthy  and  in  corpulent  persons.     By  doing  so 
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we  airive  at  valaes  for  the  obeee  which  are  almost  identical  with  the 
nonnal.^ 

Beach  (6)  found  in  one  case  (a  boy  of  fifteen  years,  weighing  63  kilo- 
grammes) that  19  c.c.  more  oxygen  was  consumed  in  the  third  hour 
after  dinner,  and  41  c.c.  in  the  fifth  hour,  than  the  normal  amount  for  a 
condition  of  rest  and  fast  (206*9  c.c).  The  first  value  is  less  than  any 
hitherto  found,  but  the  second  is  normal. 

The  evidence  at  our  disposal  renders  it  in  the  highest  degree  probable 
that  many  obese  persons  accomplish  work,  and  in  particular  tiie  work 
of  digestion,  with  less  expenditure  in  energy  than  the  normal  individual. 
I  have  ahready  pointed  out  the  possibility  of  this,  but  to  pass  from  the 
probable  to  the  certain  there  is  stiU  another  step.  The  experiments  of 
Jacquet  and  Svenson  and  Beach  cannot  so  far  be  regarded  as  affording 
sufficient  and  reliable  evidence  of  diminished  energy  expenditure  in 
obese  cases.  A  far  more  thorough  investigation  must  first  be  made, 
and  the  critical  discussion  of  this  subject  by  Magnus-Levy  (Vol.  I.)  shows 
how  difficult  it  is  to  draw  decisive  conclusions. 

^  The  tablas  given  by  Jaquet  and  Svenson  may  be  here  reviewed : 


Value  of  O, 
til  e.e.  during 
Period  of  BeH. 


330 


217 
Normal 


Aheoluie  Inereaae  in  the  Anumni  of  O^  eonewmed 
per  Kg.  and  Minute, 


After  BMkfMt 


II 


+  70 
+  59 
+  41 


+  67 


+  33 

+  72 


+  68 


+  11 
+  11 

+  14 


12 


+  36 


After  Dinner. 


+  79 
+  72 


+  81 


+  47 
+  60 


+  49 


+  87   +76 


+  49 
+  48 


+  40 
+  20 


+  30 


+  68   +41 


+  60 


+  34 
+  4 


+  7 


+  16 


+  36  +19 

+  27 


GaaeL.K. 


-GaaeK.Z. 


Biasnus-Levy 
(v);  mean  of 
three  deter- 
minations. 


The  variations  irom  the  mean  normal  value  here  fomid  are  sometimes  negative,  some- 
times positive.  They  are  too  small  to  admit  of  far-reaching  oondosions.  This  is  still 
more  evident  when  one  compares  the  individual  figures  found  by  Hagnus-Levy,  from 
which  the  mean  values  are  calculated.  Even  in  the  healthy  individual  variations  occur 
greater  than  those  which  Jaquet  and  Svenson  deem  pathological  (compare  Magnus-Levy, 
VoLL,  p.  r"-^ 
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(6)  The  Toial  Daily  Exchange. 

Under  this  heading  only  one  well-oonducted  and  complete  series  of 
experiments  is  on  leooid  (Bubner  (6)].  The  investigator  compared  the 
total  daily  exchange  in  the  case  of  two  boys  by  determining  their  total 
consumption  in  food  and  their  total  oatpats,  inclusive  of  00,.  One 
boy  was  eleven  years  of  age»  weighed  26*05  kilogrammes,  his  height 
being  135  centimetres ;  the  other  was  ten  years,  weighed  40-59  kilo- 
granmies,  and  measured  136  centimetres.  They  were  brothers  brought  up 
in  exactly  the  same  surroundings,  so  that  there  was  very  good  reason  to 
suppose  that  the  younger  boy  was  a  typical  case  of  endogenous  obesity. 

Rubner  found  that  the  obese  child  did  not  give  the  slightest  indic»i- 
tion  of  what  he  could  term  diminished  vital  energy  ;  his  energy  exchange 
was  even  greater  than  that  of  his  lean  brother,  and  corresponded  to  that 
of  a  normal  individual  of  the  same  weight. 


Cahries  froti^— 

Tcial. 

AvAar. 

FlOldiL 

riiL 

Cwbo. 

LMn  boy  (25'6  kflogrunnm)  . . 
Fat  boy  (40*6  kilogrmmmes)      . . 

Boy  (40  kilogmmnM),  bealthy  . . 

226 
230 

271 
328 

666 
828 

366 

428 

636 
779 

963 
1.148 

1,616 
1317 

1.684 
1.904 

}m.  Rabner. 

\W.    Gftmerer 
/    (8). 

By  reducing  the  values  to  the  kQogramme  body-weight,  differences, 
of  course,  were  found.  The  heat  production  in  the  lean  boy  amounted 
to  520,  and  in  the  fat  to  43*6  calories  pw  day  and  kilogramme.  Rubner 
then  calculated  from  the  specific  gravity  of  the  two  boys  (specific  gravity 
of  the  lean=  1038,  of  the  fat  075)  how  much  more  fat  the  one  had  than 
the  other.  If  now,  after  deducting  the  weight  of  this  excess  fat  from  the 
weight  of  the  obese  boy,  the  energy  exchange  had  been  the  same  for 
both  boys,  then  one  should  have  found  the  value  35  calories  per  kilo- 
gramme for  the  fat  one ;  43-6  calories  was  the  value  actually  found.^ 
The  body  mass  remaining  after  deduction  of  the  excess  fat  had,  there- 
fore, an  activity  in  metabolism  considerably  greater  than  that  of  the 
normal. 

The  values  here  found  agree  fairly  closely  when  determined  with 
respect  to  the  superficial  developments  of  the  two  boys :  for  1  square  metre 
surface  there  was  an  energy  exchange  by  the  lean  boy  of  1,290  calories, 
by  the  fat  boy  of  1,321  calories.  On  another  occasion  Buhner  found  that 
for  1  square  metre  of  surface  316*06  grammes  00,  were  produced  in 
twenty-four  hours  by  a  lean  man  weighing  58  kilogrammes,  and 
325-20  grammes  00,  by  a  man  of  obese  tendencies  weighing  101  kilo- 
grammes. Here  also  the  tissue  mass  remaining  after  deduction  of 
the  excess  fat  was  apparently  more  active  than  that  of  the  leaner 
individual. 

^   For  the  method  of  oftlouUtioii,  see  the  origiiiftl  pftper  (6). 
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The  experiments  of  Rubner  are  the  most  aocurate  which  we  possess. 
They  show  that  it  is  possible  for  a  condition  of  extreme  obesity  to  develop 
although  the  protoplasmic  energy  of  decomposition  is  supernormal. 
It  stands  to  reason,  however,  that  one  cannot  generalize  from  these 
few  figures.  The  observations  must  be  extended  to  a  number  of  obese 
cases,  in  particular  to  such  as  have  been  clinically  diagnosed,  with  due 
consideration  of  all  existing  outside  circumstances,  as  endogenous  in 
origin.  Unfortunately  the  experiments  are  tedious,  and  require  a  great 
deal  of  time  for  their  execution. 


(c)  Food. 

A  determination  such  as  this  has  the  advantage  in  that  it  can  be 
applied  to  a  very  great  number  of  cases.  It  requires,  however,  a  special 
knowledge  and  acumen  on  the  part  of  the  observer  in  order  to  make  such 
a  method  reliable.  From  the  following  cases,  however,  it  would  appear 
certain  that  weight  was  maintained,  or  even  increased,  although  the 
calorific  value  of  the  food  was  cut  down  to  less  than  that  of  the  customary 
or  required  value  for  such  individuals. 

Von  Noorden  (9) :  A  man,  aged  thirty-nine,  weight  102  kilogrammes, 
exercised  freely  in  the  open  air.  For  three  months  he  was  kept  on  a 
diet  the  calorific  value  of  which  never  exceeded  1,720  calories.  After 
the  expiry  of  the  three  months  he  weighed  101  kilognunmes.  Had  his 
energy  exchange  been  normal,  then  his  calorific  requirements  might 
reasonably  have  been  estimated  1,000  calories  higher,  or  his  weight,  under 
the  conditions  to  which  he  was  subjected,  should  have  fallen  considerably. 
Indeed,  in  another  case  (that  of  a  man  kept  on  the  same  regulation  diet, 
but  much  less  actively  engaged)  the  weight  fell  from  98  to  93-2  kilo- 
grammes in  four  weeks. 

Von  Noorden  (9) :  A  married  woman,  aged  sixty-five,  weighing  86  kilo- 
grammes, gained  0-5  kilogramme  in  six  weeks  on  a  diet  equivalent  at 
most  to  900  or  1,000  calories.  She  certainly  took  but  little  exercise,  but 
under  normal  conditions  of  metabolic  activity  she  ought  to  have  lost 
weight  considerably. 

Schwenkenbecher  (10)  reports  clinical  observations  on  two  obese 
girls.  One  of  these  first  began  to  show  signs  of  losing  weight  when  the 
value  of  the  food  material  was  reduced  to  17  calories  per  kilogramme. 
She  was  kept  in  complete  confinement  and  in  bed.  The  absolute  value 
in  calories  of  the  food  consumed  amounted  to  1,020  (Marie  S.,  nineteen 
years)  and  1,106  (Sophie  W.,  seventeen  years). 

Salomon  (4) :  An  obese  girl,  sixteen  years  of  age,  weighing  71*4  kilo- 
grammes, increased  in  weight  \  kilogramme  in  eight  days  on  a  regula- 
tion diet  equivalent  to  1,300  calories.  She  had  plenty  of  open-air  exer- 
cise, and  was  under  the  strictest  supervision  in  my  own  hospital.  By 
maintaining  the  calorific  value  at  about  1,900,  the  weight  remained  con- 
stant for  some  months  afterwards.  The  girl  had  not  only  an  excessive 
accumulation  of  fat,  but  was  muscularly  well  developed  and  energetic  in 
her  movements. 
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AH  these  cases,  discussed  here  as  carefully  as  possible,  show  that  a 
determination  of  the  exchange  according  to  Rabner*s  method  would 
in  all  probability  have  led  to  other  results  than  those  which  he  found 
for  his  obese  boy.  The  collection  of  further  material  is  very  necessary, 
and  in  the  meantime  the  question  as  to  whether  cases  of  obesity  occur 
as  the  result  of  diminished  protoplasmic  activity  can  only  be  affirmed 
with  a  certain  amount  of  reserve. 

At  aU  events,  it  is  certain  that  cases  occur  far  more  frequently  than 
the  layman  or  many  physicians  from  mere  superficial  observations 
are  aware  of. 


3.  Inflaenees  bearing  on  the  Energy  Bzebange. 

(a)  Adminisiration  of  Preparatiana  of  the  Thyroid  Oland. 

Yorke-Davies  (13)  and  Wendelstadt  (14),  working  independently  of 
each  other,  observed  the  effect  of  thyroid  substance  on  the  weight 
of  obese  patients.  The  communications  of  Leichtenstem  (16),  which 
were  really  based  on  the  observations  of  Wendelstadt,  brought  a 
short  wave  of  popularity  for  the  treatment  of  corpulency  by  thyroid 
preparations.  Later  it  was  shown  in  my  own  hospital  by  my  assistant 
at  the  time  [Magnus-Levy  (16)]  that  the  therapeutic  action  of  prepara- 
tions of  the  thyroid  gland  in  reducing  corpulency  was  due  to  stimulation 
of  the  metabolic  processes  (increased  consumption  of  oxygen  and  output 
of  OOj).  This  has  since  been  confirmed  by  numerous  experiments,  aud 
in  particular  by  another  thorough  series  of  investigations  by  Magnns- 
Levy  (4).  I  shall  content  myself,  therefore,  with  an  indication  only  of 
the  fundamental  facts.  Their  biological  significance  and  the  individual 
points  have  been  already  thoroughly  discussed  in  another  part  of  this 
woi4:  (see  chapter  on  the  Thyroid  Gland).  For  the  clinical  and  the  thera- 
peutical reasons  for  the  speedy  abandonment  of  the  thyroid  method  of 
treatment,  consult  my  original  paper  on  Obesity  (2). 

(b)  Castration. 

It  is  the  opinion  of  clinicians  in  general  that  castrated  men,  and 
women  on  whom  ovariotomy  has  been  performed,  show  a  tendency 
towards  obesity.  For  many  centuries  such  cases  have  been  brought 
forward  as  typical  examples  of  corpulency  of  oonstitutioual  origin  due 
to  diminished  metabolic  activity.  Loewy  and  Richter  (17)  were  the 
first  to  take  up  the  experimental  side  of  the  question,  and  they  investi- 
gated the  respiratory  gas  exchange  in  dogs,  as  well  as  in  bitches,  before 
and  after  castration.  The  amount  of  0,  consumed  per  kilogramme 
body-weight  fell  20  per  cent,  in  the  case  of  bitches,  and  about  14  per  cent, 
and  more  rapidly  in  the  case  of  dogs  after  castration.  Expressed  in 
absolute  value  (namely,  not  reduced  to  the  kilogramme  body-weight), 
the  total  gas  exchange  in  bitches  after  removal  of  the  ovaries  fell  about 
12  per  cent.  In  a  later  communication  from  A.  Loewy  (18)  on  this 
subject,  the  same  reduction  on  the  original  value  was  stated  to  exist 
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after  two  and  a  half  years.  After  that  time  a  further  diminution 
oocurred. 

If  this  experimental  teaching  be  applied  to  the  human  being — as  it 
indeed  may — ^we  have  a  glowing  illustration  of  the  oocurrence  of  endo- 
genous obesity  and  a  satisfactory  explanation  for  the  above-mentioned 
clinical  teaching  in  regard  to  castration. 

Liithje  (19),  who  has  likewise  studied  the  question,  finds  results 
which  are  not  in  accordance  with  those  of  the  above-mentioned  workers. 
He  found,  for  example,  no  difference  in  the  energy  exchange  between 
castrated  and  non-castrated  bitches.'  As  Loewy  and  Richter  (20), 
however,  point  out,  Liithje's  experiments  are  not  conclusive,  and  do  not 
contradict  the  results  which  they  obtained  in  their  work  (see  Vol.  I.). 


(c)  Segiriction  in  the  AmoufU  of  Water. 

Since  the  appearance  of  the  articles  by  Oertel  and  Schweninger  on 
the  treatment  of  obesity,  the  idea  has  become  universal  with  laymen 
and  physicians  alike,  that  restriction  in  the  use  of  water  favours  the 
reduction  of  fat,  and  that  this  reducing  effect  is  the  result  of  an  increased 
activity  of  metabolism  of  the  fat  irrespective  of  the  total  metabolism  (21). 
The  fact  can  no  longer  be  disputed  that  a  moderate  restriction  in  the  use 
of  fluid  is  beneficial  in  some  cases  of  corpulency,  but  in  others  it  is  abso- 
lutely useless.  Clinical  teaching  alone  has  shown  that  the  effect  pro- 
duced by  restricting  the  use  of  fiuid  is  not  the  result  of  any  influence 
which  this  restriction  brings  to  bear  on  the  metabolism  of  fat,  but  depends 
on  other  causes  which,  although  of  great  interest  from  the  clinical  side, 
do  not  affect  the  question  of  the  metabolism  of  the  obese  [von  Noorden, 
Bosenfeld,  Salomon  (22)]. 

After  Landauer  and  Straub  had  succeeded  in  showing  that  the  adipose 
fat  in  healthy  sLnimAlft  was  not  diminished  by  restriction  in  the  amount 
of  water  consumed,  Salomon  confirmed  the  observations  of  Landauer 
and  Straub  for  obese  persons  (4,  23,  24). 

The  determination  of  the  respiratory  gas  exchange  gave  : 


Oxyfen  Cmuwned  per  MiwOe^— 

Before  Thir«t           ^^^ 

After  Thlnt 

In  chlorosis 

Tn  unfBmia. 

In  nepbritis 
In  obesity 

ce. 

f221'8 
242-3 

[217-5 
209-4 
203-7 

/262-5 

\214-1 

e.o. 
206*6 
233-6 
206-6 
196-6 
196-6 
249*6 
198-9 

204-3 
234-7 
202-6 
202-7 
202-9 

199-1 

Avorage  figures  for  period  of  rest. 
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Henoe  it  would  appear  that  a  oondition  of  thirst  exerts  no  influence 
at  all  on  the  energy  exchange.  These  experiments,  at  all  events,  point 
to  a  diminntion  rather  than  to  an  increase  in  the  respiratory  exchange. 
The  interpretation  attached  to  the  clinically  interesting  and  important 
discovery  of  Oertel  and  Schweninger  can  no  longer  hold  good.  Nor  is  such 
an  interpretation  necessary,  since  the  secondary  effects  of  a  condition 
of  thirst — ^influence  on  the  desire  for  solid  food  and  on  the  circulatory 
system — are  more  than  sufficient  in  themselves  to  explain  the  results 
obtained  (22). 


n.— THE  METABOLISM  OP  PROTEIN. 

Since  the  classical  researches  of  the  school  of  Voit  first  showed  that 
the  adipose  depots  of  the  body,  as  well  as  the  fats  contained  in  our  foods, 
tend  towards  economy  of  protein,  the  question  of  maintaining  protein 
equilibrium  in  obese  cases  on  an  ordinary  but  plentiful  diet  has  never 
been  raised.  Whether  or  not  this  law  of  protein  economy — ^true,  un- 
doubtedly, for  the  shorter  periods  during  which  determinations  on  meta- 
bolism are  made — ^is  also  valid  throughout  for  chronic  cases  of  obesity 
is  still  a  subject  for  discussion.  Here  the  protein  of  the  body  is  not 
alone  dependent  on  the  nature  of  the  food,  but  on  the  working  conditions 
of  the  tissues  rich  in  protein,  especially  muscular  tissues.  When  these 
are  not  exercised,  and  become  embedded  in  fat,  then  the  body  becomes 
muscularly  weak,  and  will,  with  time,  continue  to  give  up  protein  in  spite 
of  adequate  nourishment.  Experimental  proof  of  this  is  still  wanting, 
and  is  not  likely  to  be  undertaken,  the  investigations  necessary  thereto 
being  too  laborious. 

A  more  interesting  question  is  that  of  the  protein  metabolism  during 
the  treatment  of  obesity.  Its  solution  is  the  more  necessary  because 
of  the  numerous  discussions  in  regard  to  the  most  suitable  form  of  diet 
in  the  treatment  of  obesity.  The  discussion  between  Oertel  and  Ebstein 
(26)  in  the  middle  of  the  eighties  aimed  at  the  solution  of  the  problem  on 
theoretical  grounds.  Moreover,  it  was  taught  by  Hirschf eld,  Klemperer, 
and  others  (26)  that  increase  in  protein  was  to  be  expected  from  over- 
nourishment  and  a  loss  from  under-nutrition,  and  in  this  latter  hypo- 
thesis lay  the  treatment  of  obesity. 

The  theoretical  discussions,  protracted  and  wearisome,  have  been 
brought  to  a  satisfactory  conclusion.  Von  Noorden  and  Dapper  (27) 
have  shown  that  it  is  possible  to  reduce  the  calorific  value  of  the  food- 
supply  to  one-half  that  of  the  calculated  requirements  in  the  case  of 
obese  persons,  and  by  this  means  to  obtain  a  loss  in  weight  without  any 
material  increase  in  the  nitrogen  output.  In  this,  then,  lies  a  difference 
between  the  obese  and  the  normal  individual,  or  the  man  with  but  a 
meagre  fat-supply.  Pat  accumulation  in  obese  cases  tends  to  suppress 
to  some  extent  the  unfavourable  effects  which  under-nutrition  in  the 
normal  individual  produces  on  the  protein  of  the  body.  Of  course,  this 
protective  action  is  only  exerted  within  certain  limits,  but  the  extent 
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to  which  the  calorific  value  of  the  food-supply  is  limited  in  the  saccessful 
treatment  of  obesity  by  such  means  does  not  necessarily  exceed  these 
limits. 

The  opposing  results  obtained  by  Hirschfeld  (28)  may  be  accounted 
for  by  atoo  vigorous  reduction  in  the  amount  of  protein,  as  well  as  in  the 
calorific  value  of  the  food  [Dapper  (29)].  Numerous  recent  investiga- 
tions, in  which  the  calorific  as  well  as  the  protein  value  of  the  food-supply 
was  varied  in  many  ways,  all  tend  to  confirm  the  results  of  von  Noorden 
and  Dapper  (30).  In  these  cases  nitrogenous  equilibrium  was  obtained — 
at  least,  when  the  restriction  in  food  was  not  too  severe — and,  indeed, 
in  some  cases  a  slight  addition  in  nitrogen  was  observed  during  the  treat- 
ment of  obesity  by  this  means.  In  order  to  ensure  the  best  results, 
gradually  increasing  muscular  exercise,  combined  with  restriction  in  the 
number  of  calories  consumed,  is  advisable.  Jn  this  way  the  conditions 
conducive  to  the  accumulation  of  protein  are  considerably  improved 
(see  Vol.  L). 

In  this  connection  may  be  cited  a  careful  experiment  by  Hellesen 
(31)  on  the  metabolism  of  an  obese  girl  of  12  years.  Hellesen  found 
that  it  was  possible  to  maintain  nitrogenous  equilibrium  when  the  diet 
was  only  one-fifth  to  two-fifths  of  that  necessary  for  the  patient's  normal 
condition,  and  that  the  best  results  were  attained  when  the  fat  rather 
than  the  carbohydrate  portion  of  the  food  was  cut  down.  On  further 
reduction  in  the  calorific  supply,  he  found,  however,  a  marked  loss  in 
nitrogen.  This  is  in  complete  harmony  with  the  clinical  observation 
that  children,  when  put  on  a  very  low  diet,  often  become  for  a  considerable 
period  quite  perceptibly  reduced  in  strength. 

The  use  of  thyroid  preparations  in  obesity  produces  results  different 
from  those  which  accompany  the  usual  methods  of  treatment  in  that 
it  is  usually  accompanied  by  great  loss  of  nitrogen  (32)  (see  Thyroid 
Gland).  This  is  one  reason  why  the  thyroid  treatment  has  been  dis- 
carded. An  excessive  restriction  in  fluid  is  similarly  dangerous 
[Salomon  (4)]. 


m.— THE  DIGESTIVE  ORGANS. 

Clinical  teaching  has  shown  that  dyspeptic  disturbances  of  various 
kinds  occur  in  cases  of  obesity.  The  most  prominent  of  these  is  con- 
stipation and  its  consequences.  Attention  is  merely  drawn  to  this,  as 
well  as  to  the  hsemorrhoidal  troubles  associated  with  obesity. 


1.  The  Appetite. 

In  the  milder  degrees  of  obesity  the  appetite  is  usually  good.  The 
close  physiological  relationship  between  the  actual  amount  of  nourish- 
ment required  by  the  tissues  and  the  amount  of  food  desired  by  the 
appetite  appears  to  exist  no  longer ;  immoderate  eating  and  the  further 
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aootimalation  of  fat  are  the  results.  In  the  advanced  stages  of  obesity 
the  appetite  is  often  diminished.  Nevertheless,  though  the  actual 
amount  of  food  taken  is  small,  the  obese  condition  may  be  main- 
tained, or  even  increased.  Such  persons  are  usually  weak,  and  are 
subject  to  every  form  of  ailment  ascribed  to  this  particular  form  of 
obesity  known  clinically  as  "  anaemic  obesity.**  This  form,  however, 
does  not  warrant  any  special  description  from  the  standpoint  of  meta- 
bolism. The  increase  in  fat,  in  spite  of  a  diminished  food-supply,  is 
fully  explained  by  the  resting  condition  of  the  muscles,  to  which  the 
weakness  in  certain  cases  is  due. 


2.  Seeretlon  by  the  Stomaeh. 

No  special  work  appears  to  have  been  done  in  regard  to  the  digestive 
processes  occurring  in  the  stomach  in  cases  of  obesity.  I  have  often  had 
the  opportunity,  however,  of  washing  out  the  stomach  in  such  cases, 
and  found  in  general  that  the  production  of  hydrochloric  acid,  as  well 
as  the  rate  of  discharge  from  the  stomach,  was  normal  even  in  cases 
where  stomachic  troubles  of  the  general  type  were  described.  On  the 
other  hand,  in  many  cases  there  was  a  diminished  HCl  production  and 
an  abundant  secretion  of  mucus,  while  less  frequently  cases  of  hyper- 
acidity occurred.  Out  of  19  cases  of  obesity  in  which  the  stomach 
contents  were  examined  on  account  of  various  dyspeptic  troubles,  10 
showed  a  normal  production  of  hydrochloric  acid,  in  6  there  was  hypo- 
or  anacidity,  and  only  3  exhibited  hyperacidity.  All  these  dis- 
turbances are  to  be  regarded  as  accidental  complications,  and  are  of  more 
clinical  than  purely  pathological  interest  [von  Noorden  (33)]. 

Nothing  is  known  regarding  the  secretion  of  bile  and  of  pancreatic 
juice.  On  the  influence  upon  digestions  of  complications  associated 
with  diseases  of  the  pancreas,  see  Vol.  II.,  Chapter  IV. 


3.  Absorption  of  Food. 

Our  practical  knowledge  regarding  the  absorption  of  food  in  oases  of 
obesity  has  been  acquired  incidentally  through  investigations  in  regard 
to  the  metabolism  of  protein.  It  was  found  that  the  absorption,  with 
regard  to  the  most  important  factors — ^viz.,  dry  substance,  nitrogen, 
and  fat — ^was  quite  normal,  so  that  I  may  refrain  here  from  quoting  the 
actual  figures  (34).  Only  in  one  case  [Rubner  (6)]  was  the  absorption 
of  nitrogen  impaired.  In  the  daily  consumption  of  9  grammes  nitrogen 
(59*9  grammes  protein)  there  was  a  loss  of  1*88  grammes  (20*91  per 
cent.).  This  isolated  case  Rubner  has  rightly  described  as  due  to  acci- 
dental digestive  derangement  rather  than  to  a  condition  peculiar  to  the 
metabolism  of  the  obese. 


46—2 
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IV.— THE  BLOOD. 
1.  Quantity. 

In  advanced  cases  of  obesity  there  would  appear  to  be  a  relatively 
abnormal  deficiency  of  blood — i.e.,  the  blood  quantity  is  reduced  in 
comparison  with  the  weight  of  the  body.  Only  2*25  per  cent,  of  blood 
was  found  in  fattened  pigs,  compared  with  7-8  per  cent,  in  the  normal 
[Heissler  (35)].    For  man  there  are  no  statistics  on  record. 

2.  Coneentratlon. 

The  concentration  of  the  blood  does  not  often  undergo  any  appre- 
ciable change.  Bouchard  found  on  the  average  about  five  million  blood- 
corpuscles  in  the  blood  from  obese  persons. 

In  cases  where  the  muscular  strength  is  maintained,  and  where  the 
clinician  speaks  of  "  plethoric  obesity,"  the  density  of  the  blood  fre- 
quently appears  to  be  increased.  Kisch  (37)  found  in  sevenly-nine  out  of 
one  hundred  cases  of  obesity  that  the  hemoglobin  of  the  blood  was  normal 
or  slightly  increased  (to  as  much  as  120  per  cent,  of  the  normal).  He 
employed  Fleischl's  method,  which  is,  however,  not  very  reliable.  In 
21  per  cent,  of  the  cases  the  hssmoglobin  was  diminished,  but  syphilis, 
the  misuse  of  alcohol,  and  menstrual  derangements  played  a  pre- 
disposing part  in  these  instances.  Oertel  (38)  has  also  found  that  in 
cases  of  obesity  in  which  the  power  of  the  heart  was  not  impaired,  or 
where  there  was  no  indication  otherwise  of  a  deranged  circulation,  the 
hemoglobin  was  often  increased  to  about  6  to  8  per  cent,  above  the 
mean  normal  value.  In  five  cases  of  muscular  but  excessively  obese 
men.  Poll  made  blood-counts,  and  found  6*2  to  6*8  millions  eiythrocytes. 
In  another  two  obese  cases  I  observed  7*2  and  7*7  millions  red  cor- 
puscles.   The  patients  weighed  116  and  106  kilogrammes  respectively. 

Many  obese  persons  suffer,  on  the  other  hand,  from  anemia.  Tlieir 
outward  appearance  indicates  this,  and  an  examination  of  the  blood 
confirms  it.  On  this  account  a  specific  form,  "anaemic  obesity,"  has 
been  spoken  of.  This  is  justifiable  from  the  clinical  side  as  of  prognostic, 
as  well  as  therapeutic  value  (39).  The  anemia  is  to  be  regarded,  however, 
only  as  a  complication,  and  not  as  a  derangement  in  the  metabolism 
closely  connected  with  the  obese  condition.  Kisch  found  that  the 
hssmoglobin  was  diminished  in  21  per  cent,  of  his  cases  of  obesity. 
Leichtenstem  (40)  determined  the  extinction  coefficient  in  four  cases, 
and  found  the  values  1*106, 1-187,  M91,  and  1*076,  compared  with  1*298, 
the  mean  value  for  healthy  persons  under  similar  conditions.  In  the 
advanced  stages  of  obesity,  accompanied  by  cardiac  failure  and  dropsy, 
the  haemoglobin  may  fall  to  one-half  of  the  normal  [Kisch].  We  found 
in  five  cases  of  marked  obesity  in  women  with  anemia  but  no  oedema 
that  the  decrease  in  the  hemoglobin  amounted  to  between  60  to  70  per 
cent,  of  the  normal  value  (Gower's  hemoglobinometer). 
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Obflervatioiis  apon  the  oonditum  of  the  blood  of  obese  patients 
during  a  oouise  of  treatment  are  of  value.  Grawitz  carried  out  at  my 
request  such  a  series  of  investigations  on  two  patients  whose  metabolism 
was  being  determined  by  Dapper  (41). 

K.,  aged  fifty-one,  female.  Weight  before  commencing  treatment  78*85 
kilogrammes ;  food  intake,  14  to  16  grammes  nitrogen  daily.  The  calorific 
value  at  first  was  1,470  to  1,500  calories  ;  it  was  gradually  cut  down  to 
1,120.  Nitrogenous  equilibrium  was  maintained  throughout  the  entire 
period.  During  the  thirty-two  days  on  which  the  experiments  were 
carried  out  the  weight  of  the  patient  fell  gradually  to  73-1  kilogrammes. 


/%. 

Dry  a^Ofdamee 
in  lAe  Biood. 

til  lAe  Semm, 

2 
6 
18 
24 
30 
32 

21-49 
20-34 
19-09 
20-04 
20*35 
19*29 

PtfOenl 

9-77 

10*59 

9*90 

8-84 

T 
9-20 

1 

E.  S.,  aged  forty-fo«,  female.  Weight  before  the  commencement  of  the 
treatment,  80-9  kilogrammes ;  food  intake,  14  to  15  grammes  nitrogen.  At 
the  commencement  of  treatment  the  calorific  value  of  the  food  lay  between 
1 ,480  and  1 ,500,  and  it  was  gradually  reduced  to  920  calories.  Nitrogenous 
equilibrium  was  maintained,  or  there  was  a  slight  increase  in  the  retained 
nitrogen,  with  the  exception  of  the  last  eight  days,  when  the  calories 
were  reduced  to  less  than  1,000.  The  final  weight  after  the  forty  days 
during  which  determinations  were  made  was  74-3  kilogrammes. 


Day. 
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20-82 
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In  both  the  patients  there  was  a  slight  falling-off  in  blood  concentra- 
tion during  treatment.  Oorpuscles  as  well  as  serum  show  this.  Par- 
ticularly striking  is  the  drop  towards  the  close  of  the  second  experiment, 
where  the  calorific  value  of  the  food  was  cut  down  more  than  usual  and 
nitrogenous  equilibrium  could  no  longer  be  maintained. 

Denning  describes  a  case  which  throws  light  on  the  effect  produced  by 
thirst  in  cases  of  obesity  (42).  A  young  man,  aged  twenty-three,  weighing 
93  kilogrammes,  took  635  c.c.  liquid  daily  for  six  successive  days.  The 
specific  gravity  of  his  blood  before  commencement  was  1028*5 ;  at  the 
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end  of  the  period  of  thirst  it  had  risen  to  1031  -8.  He  lost  4  kilogrammes 
in  weight  during  this  time,  but  only  through  loss  of  water  from  his  body. 
There  was  no  reduction  in  the  amount  of  fat,  the  calorific  value  of  the 
food  being  too  high  for  this  (2,900  calories). 


3.  Alkalinity. 

Burmin  determined  the  alkalinity  of  the  blood  by  Landois'  method 
in  two  obese  cases,  and  found  that  it  was  diminished.  He  took  as  normal 
182  to  218  milligrammes  NaOH  in  100  c.c.  blood,  and  found  164  milli- 
grammes in  the  one  obese  case  (144  kilogrammes)  and  164  milligrammes 
in  the  other  (104  kilogrammes) ;  the  hemoglobin  and  blood-corpuscles 
were  normal  (43).  Compare  the  observations  of  Magnus-Levy  in  Vol.  I., 
p.  179. 

4.  The  Fat  in  Blood. 

It  would  appear  that  the  blood  of  obese  persons  has  been  found  on 
several  occasions  to  contain  an  increased  amount  of  fat.  Kisch  (37) 
states  that  the  mean  value  of  0-2  to  0-3  for  the  fat  in  blood  increases 
in  cases  of  excessive  obesity  to  double  or  treble  this  amount.  Oantani  (44) 
also  states  that  lipsemia  occurs  frequently  in  advanced  cases  of  obesity, 
but  no  special  data  relative  to  the  amount  of  this  fat  in  blood  are  given 
by  him.  I  have  often  investigated  the  condition  of  the  blood  in  the 
most  marked  cases  of  obesity,  but  have  never  met  with  the  charac- 
teristic milky  appearance  of  the  serum.  Further  observations  are 
necessary.  In  these,  attention  should  be  paid  to  the  time  as  well  as  to 
the  nature  of  the  last  meal,  for  at  the  height  of  fat  digestion  the  fat  in  the 
serum  under  normal  conditions  may  increase  to  more  than  1  per  cent. 


v.— THE  URINE. 
1.  Quantity. 

The  quantity  of  urine  in  obese  cases  where  complications  are  absent 
is  usually  normal  or  slightly  subnormal.  Kisch  (37)  found,  for  example, 
as  an  average  for  twenty-five  obese  cases,  the  value  1,450  c.c.  per  diem. 
I  found  in  ten  cases  of  very  obese  men  an  average  of  1,250  to  1,550  c.c, 
and  in  twelve  cases  of  obese  women  an  average  of  1,080  to  1,350  c.c.  daily. 
There  was  no  restriction  on  the  amount  of  liquids  taken.  When  the  amount 
of  urine  remains  below  normal,  the  explanation  is  usually  to  be  found 
in  a  vigorous  excretion  of  sweat  to  which  the  obese  are  particularly  prone. 
In  other  cases,  complications  involving  kidney  and  heart  troubles  are 
concerned.  Apart,  however,  from  these  diseased  conditions,  which  have 
nothing  to  do  with  the  disturbed  metabolism  in  obese  cases  generally, 
the  quantity  of  urine  is  frequently  controlled  by  therapeutic  agents. 
The  most  important  is  a  restriction  in  the  amount  of  fluid,  which  is 
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obseiTed  by  most  obese  penoDB  even  without  the  excess  oommand  of 
the  phymcian. 

A  restriction  in  the  amoont  of  fluid  taken  leads  naturally  in  the  ease 
of  healthy  persons  to  a  reduction  in  the  volume  of  the  urine,  and  as 
Oertel  (38)  has  shown,  this  reduction  is  the  same  in  obese  cases  where 
the  circulatory  and  secretory  organs  are  healthy.  The  fall  in  the  quantity 
of  urine  excreted  is  almost  proportional — ^within  certain  limits — ^to  the 
reduction  in  the  amount  of  fluid  taken,  so  that  the  urine  represents  about 
68  to  80  per  cent,  of  the  total  quantity  of  liquid  consumed. 

When,  however,  heart  failure,  dropsy,  or  hydrsemia  is  present,  the 
amount  of  urine  excreted  in  obese  cases,  just  as  in  cardiac  dropsy,  may 
not  always  diminish  in  the  same  ratio  as  the  fluid  consumed  is  reduced, 
but  frequently  remains  constant,  or  indeed  increases.  In  this  way  the 
withdrawal  of  water  from  the  body  is  brought  about,  so  that  the  circu- 
lation may  be  considerably  improved.  Striking  examples  are  to  be 
found  in  Oertel's  work,  but  a  case  which  I  have  myself  observed  may  be 
quoted  here. 

A  patient,  aged  fifty-two,  weighed  126  kilogrammes  two  months  prior 
to  observation.  Then,  as  the  result  of  overexertion,  heart  failure  and 
oedema  of  the  lower  extremities  developed,  and  the  weight  increased 
gradually  to  142  kilogrammes.  The  treatment  during  the  period  shown 
below  consisted  solely  in  the  gradual  reduction  in  the  amount  of  liquid 
taken.  The  amount  of  solid  food  was  not  reduced,  but  in  view  of  the 
weak  state  of  the  heart  further  treatment  had  to  be  postponed. 
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of  fluid  token  was  at  the  opUon 
of  the  paUent.     InttuU  weight 
142  kilogrammes;    final  weight 
123  kilogrammes. 

2.  Sntotanees  eontalning  Hitrogen. 
(a)  ToUd  Nitrogen. 
See  the  Metabolism  of  Protein,  p.  703. 


(b)  The  Sweral  NUrogenous  Compounds, 

Normal  values  were  found  both  by  Leven  (45),  in  his  determinations 
of  the  ratio  of  the  total  nitrogen  to  the  urea  nitrogen  in  obese  cases,  and 
by  Setti  (46),  who  determined  the  other  nitrogenous  constituents  of  the 
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urine  as  well.  Setti's  patient  was  forty  years  of  age,  and  weighed  103 
kilogrammes.  The  analysis  of  the  urine  on  three  consecutive  days  gave 
the  following  results : 


F%T9t  Day, 

Seeond  Day. 

Third  Day. 

Total  nitrogen  . . 
Urea  nitrogen    . . 
NH,  nitro^n    . . 
Uric  add  nitrogen 
Residual  nltroi^ 

21*07  grammes 

86*76  per  cent. 

3  oO     ff        tt 

1-20    „      M 

818    „      „ 

24*76  granmies 

87*18  per  cent. 

3*72    „      „ 

1  11       M         .. 

7*99    t*      » 

21*92  grammes 

87*62  per  cent. 

406    „      „ 

107    „      „ 

7*26    „      „ 

The  estimations  which  I  made,  and  have  already  published  in  the  first 
edition  of  this  work,  also  gave  normal  values :  Urea  nitrogen  86  to  88 
per  cent.,  ammonia  nitrogen  3  to  6  per  cent.,  uric  acid  nitrogen  1  to  2  per 
cent,  of^the  total  nitrogen. 

(c)  Uric  Add. 

The  older  values,  determined  without  considering  and  aUowing  for 
the  puiin  bodies  introduced  in  diet,  were  normal  [0*6  to  0*8  gramme 
uric  acid,  von  Noorden  (2)].  I  had  a  series  of  uric  acid  determinations 
carried  out  in  connection  with  three  obese  patients  under  mild  treatment. 
They  were  kept  at  the  commencement  on  a  diet  free  from  purin  bodies, 
and  after  some  days  each  patient  received,  in  addition  to  his  ordinary 
food,  an  additional  400  grammes  of  meat  (weighed  raw). 


Day. 

1*0011. 

PatieMl 
(IWKg.). 

PaHefU2 
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(126  Kg.). 

\\ 
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4j 

n 

8/ 

Pnrin-free 
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Om. 
0-409 

/0681 
\0720 
/0-479 
\0411 

Om. 
0*610 

0*800 
0-803 
0*622 
0-627 

Om. 
0-389 

0*672 
0791 
0*600 
0*376 

None  of  these  patients  showed  complications  of  any  sort,  and  the 
values  obtained  were  quite  normal. 


(d)  AUmminuria. 

Albuminuria  occurs  frequently  in  the  more  marked  degrees  of  obesity, 
but  more  particularly  in  cases  of  long  standing.  Circulatory  disturbances 
and  diseases  of  the  kidney  are  its  most  probable  causes.  Albuminuria, 
however,  is  not  connected  with  the  metabolism  of  the  obese.  Bouchard  (36) 
found  albuminuria  in  26  per  cent,  of  his  cases,  and  my  own  statistics 
jrielded  similar  results — ^namely,  27*6  per  cent,  [von  Noorden  (2)]. 
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3.  The  Hltrogen-lrae  Constttaents  of  the  Urine. 
(a)  OxaUeAdd. 

Grystab  of  oaloium  oxalate  have  freqaently  been  found  in  the  urine 
obtained  from  obese  oaseB,  and  not  infrequently  in  large  quantity  (47). 
The  conclusion  drawn  from  this — yiz.^  that  the  oxalic  acid  is  increased 
in  obese  cases — and  the  further  hypothesis  which  attributes  its  increase 
to  impaired  powers  of  oxidation,  cannot  hold  good,  as  the  determination 
of  oxalic  acid  from  the  quantity  of  sediment  can  obviously  lead  to 
erroneous  conclusions.  Quantitative  determinations  of  the  oxalic  acid 
have  been  made  by  Kisch  (48),  but  unfortunately  without  sufficient  regard 
to  the  quantity  of  urine  and  the  nature  of  the  diet.  In  nine  cases  of 
advanced  obesity  of  the  ordinary  type  Kisch  found  per  litre  of  urine, 
18-0,  llO,  11*3,  11*7,  6*4,  40O,  4*9,  7-6,  6*8  milligrammes  oxalic  acid; 
in  another  four  cases  6*8,  11*7,  11-3,  6*3  milligrammes.  Only  one  figure 
(40  milligrammes)  is  veiy  much  above  the  normal,  and  this  may  be 
accidental,  due,  perhaps,  to  the  diet,  the  composition  of  which  is  not 
stated. 

(6)  Acetone. 

I  have  previously  stated  that  obese  persons  do  not  exhibit  acetonuria, 
even  when  their  intake  of  food  is  lowered  (under-nutrition)  (49).  This 
has  been  confirmed.  Obese  cases  kept  for  some  time  on  50  to  60  grammes 
carbohydrate  for  the  purpose  of  treatment,  and  living  otherwise  upon  a 
diet  of  protein  and  fat,  excreted  no  more  than  the  ordinary  traces  of 
acetone.  Here  the  body  had  become  so  accustomed  to  a  diet  rich  in 
ketone-forming  substances  that  an  "  antiketonic  "  habit  was  established. 
When,  however,  obese  cases  are  fed  on  a  diet  rich  in  carbohydrates, 
and  are  suddenly  deprived  of  this,  the  acetone  increases  just  as  it  does 
in  healthy  persons  [in  one  case  to  2  decigrammes,  and  in  another  to 
3*1  decigrammes  on  the  third  day,  Mohr  (50)]. 

(c)  iSfif^rir. 

It  is  a  well-known  fact  that  glycosuria  is  frequently  associated  with 
obesity  (51).  Among  every  hundred  diabetics  Frerichs  found  15 
obese  individuak,  Seegen  30,  Bouchard  45,  and  von  Noorden  21.  Kisch 
states  that  he  has  seen  diabetes  develop  in  more  than  half  of  his  cases  of 
''  hereditary ''  lipomatosis,  and  in  15  per  cent,  of  the  '*  acquired  "  forms 
of  obesity.  For  a  certain  number  of  cases,  as  I  have  already  pointed  out, 
the  question  whether  the  diabetic  condition  is  not  the  primary  one,  and 
the  obese  the  secondary  one,  must  still  remain  open  ('*  diabetogenous 
obesity  "). 

We  have  to  treat  here  of  the  occasional  occurrence  of  glycosuria  in 
cases  of  obesity.  Fleiner  and  Hirschfeld  (52)  hold  that  the  occasional 
occurrence  of  sugar  is  not  uncommon,  and  attribute  it  to  excessive  food, 
with  deficient  muscular  exercise.  No  great  significance  would  appear  to 
be  attached  to  its  presence.    If  the  question,  however,  of  the  harmless- 
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ness  of  the  occasional  occurrence  of  sugar  in  obese  cases  is  not  to  be 
disputed,  I  should  at  least  like  to  give  warning  against  such  optimism, 
for  I  have  only  too  often  seen  a  regular  diabetic  condition  develop  after 
several  years  of  such  predisposition.  I  regard  it,  similarly,  as  an  un- 
favourable symptom  if  the  moderate  addition  of  glucose  (100  grammes) 
in  obese  cases  produces  alimentary  glycosuria,  for  this  does  not  occur 
in  the  majority  of  cases.  Of  fifteen  obese  cases  in  which  I  found  sugar 
in  the  urine  after  100  grammes  glucose,  five  developed  genuine  diabetes 
later  [von  Noorden  (53)].  It  is  true,  of  course,  that  the  question  of 
muscular  exercise  comes  more  into  account  in  the  glycosuria  of  the  obese 
than  otherwise  in  diabetes.  An  example  may  be  cited.  An  obese 
diabetic  excreted  an  average  of  25*1  grammes  of  sugar  daily  during  three 
days  of  rest,  and  none  at  all  on  two  days  when,  although  on  quite  the 
same  diet,  he  took  a  considerable  amount  of  walking  exercise. 

Individual  communications  regarding  the  frequency  of  alimentary 
glycosuria  in  cases  of  obesity  yield  little  indicative  information. 
Systematic  investigation  on  broader  and  more  uniform  lines  is  desirable ; 
it  would  explain  what  prognostic  significance  can  be  attached  to  the 
occurrence  of  alimentary  glycosuria  in  obese  cases,  and  would  yield 
a  valuable  and  ready  indication  for  the  prophylactic  measures  in  the 
treatment  of  obesity. 


VI.— THE  INPLUENCE  OP  OBESITY  ON  THE  ACTIVITY 
OP  THE  EPITHELIAL  STRUCTURES. 

1.  The  Exeretlon  of  Water. 

Although  it  has  been  found  impossible  experimentally  to  establish 
differences  between  the  heat  production  of  the  obese  and  that  of  the 
healthy  individual,  nevertheless  certain  characteristics  distinguish  the 
heat  radiation  of  the  obese  from  that  of  the  normal  individual.  The 
investigations  of  Rubner  and  his  colleagues  show  that  the  moisture 
given  up  by  the  skin  at  low  temperatures  and  in  dry  air  in  cases 
of  obesity  is  the  same  in  amount  as  that  excreted  by  lean  persons  under 
similar  conditions  (54).  It  is  not  appreciably  increased  by  moderate 
energy  expenditure  in  a  dry  atmosphere,  and  only  slightly  in  a  moist 
atmosphere. 

The  amount  of  water  excreted  hourly  when  the  atmospheric  tempera- 
ture lay  between  20''  and  22''  C.  was— 

60  grammes  by  a  lean  man  (68  kilogrammee)  in  a  dry  atmosphere,  and  during  a  con- 
dition of  rest. 

66  grammes  by  a  fat  man  (101  kilogrammes)  in  a  dry  atmosphere,  and  daring  a  oon 
diUon  of  rest. 

60  grammes  by  a  lean  man  in  a  dry  atmosphere,  with  moderate  exeroise. 

80  grammes  by  a  fat  man  in  a  dry  atmosphere,  with  moderate  exercise. 

26  grammes  by  a  lean  man  in  a  moist  atmosphere,  and  at  rest. 

27  grammes  by  a  fat  man  in  a  moist  atmosphere,  and  at  rest. 

60  granmies  by  a  lesn  man  in  a  moist  atmosphere,  with  moderale  exerdse. 
78  grammes  by  a  fat  man  in  a  moist  atmosphere,  with  moderate  exercise. 
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Schwenkenbeoher  (10)  obtained  similar  reeultB  by  comparing  the 
values  obtained  for  obese  and  for  lean  children. 

By  higher  temperatures,  however,  and  especially  during  humid 
conditions  of  the  atmosphere  and  muscular  exercise,  the  amount  of 
water  given  up  through  the  skin  in  obese  cases  greatly  exceeds  that  of 
the  normal.  The  temperature  limit  of  28"^  to  30°  G.  forms  the  transition- 
point  in  the  process  of  heat  regulation  in  the  case  of  obese  persons. 


AnumiU  of  Water 

given  wp  per  Howr  by  a 

Lean  Pereon. 

Temperaitwre, 

AmowU  of  Water 

qieen  up  per  Sour  6y  an 

Obeee  Person. 

At  Bart. 

During  Work. 

AtBMl        During  Woric. 

30- 
35° 
30» 
36» 

Om. 

100 

160 

66 

Om. 
146 
170 

no 

28»-30» 
36»-3r 
28»-30» 
36«-37« 

Qm. 
134 
217 

aoi 

441 

Om. 
169 
867 
178 
685 

Of  the  535  grammes  of  water  excreted  in  the  last  experiment,  269 
grammes  disappeared  by  evaporation  and  266  grammes  as  sweat.^ 
In  the  experiments  whose  results  are  printed  in  bold  type,  an  increase 
in  the  temperature  of  the  blood  occurred  simultaneously  (0*9^  to  2-3?  C). 
The  limits  within  which  the  obese  can  accommodate  themselves  in  their 
heat  radiation  are  therefore  narrow,  and  under  favourable  conditions 
a  considerable  accumulation  of  heat  energy  may  occur  (during  high 
atmospheric  temperature  and  a  humid  condition  of  the  air,  and  during 
muscular  exercise).  The  secretion  of  water,  which  favours  heat  radia- 
tion, may  increase  to  such  an  extent  as  to  become  troublesome.  It  has 
been  determined  that  from  3  to  4  litres  of  water  have  been  given  off 
by  corpulent  persons  under  suitable  conditions  within  a  few  hours. 
These  experimental  evidences  stand  in  complete  harmony  with  the 
facts  of  clinical  observation. 


2.  The  Seereflon  of  Fkt 

Leubuscher  (56)  is  the  only  one  who  has  studied  the  excretion  of  fat 
via  the  sebaceous  glands.  He  states  that  corpulent  individuals  excrete 
less  rather  than  more  fat  in  this  way.  This  confirms  an  incidental 
observation  made  by  Krukenberg.    More  exact  data  are  wanting. 

i  Doring  profuae  penpintion  In  obese  oesee  oonsiderftble  quantities  of  nitrogen  may 
escape  in  sweat  from  the  body.  Oramer  (66)  calculated  that  as  much  as  1'88  giammes 
disappeared  daily  daring  yigoroos  exercise.  This  represented  12  per  cent,  of  the  nitrogen 
in  the  urine  and  fsoes.  I&pper  (65)  also  found  that  the  urinary  nitrogen  was  reduced 
about  1  to  1*6  grammes  on  the  days  when  a  yigorous  excretion  of  sweat  took  place, 
probably  because  the  nitrogen-containing  products  of  metabolism  were  being  carried  off 
m  the  perspiration. 
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CHAPTER  IV 

THE  RARER  DERANGEMENTS  OF  CARBOHYDRATE 
METABOLISM 

Bt  cabl  neubebg,  beblin. 

Edited  bt  J.  Dixon  Mann,  M.D.,  F.B.C.P. 

The  development  of  the  chemistry  of  the  carbohydratee  owes  much  to 
the  older  observationB  relating  to  the  occurrence  of  vaiious  kinds  of  sugar, 
or  of  their  near  derivatiyes,  that  have  been  found  in  human  urine. 
Although  none  of  these  ''  non-diabetic  "  glycosurias  is  of  the  great 
practical  importance  of  diabetes,  still,  collectively  they  are  of  considerable 
theoretical  significance  in  the  elucidation  of  carbohydrate  metabolism 
and  of  the  changes  undergone  by  sugar  in  the  process  of  assimilation. 

The  differential  diagnosis  between  these  conditions  (which,  according 
to  recent  observers,  are  by  no  means  rare)  and  diabetes  is  not  always  easy, 
so  that  the  possibility  of  mistaking  any  of  them  for  true  diabetes  imparts 
a  considerable  practical  interest  to  these  anomalies.  We  commence 
with  the  commonest  of  these  conditions,  the  excretion  of  fruit-sugar. 


I.— FRUCTOSURIA. 
1.  Introductory. 

In  past  literature  a  number  of  instances  of  low  rotating  urines  capable 
of  undergoing  fermentation  are  described,  in  which  the  polarimetric  and 
volumetric  estimations  of  the  amount  of  sugar  revealed  discrepancies  that 
could  be  explained  the  most  easily  by  assuming  the  presence  of  a  laavoro- 
tating  fruit-sugar  along  with  glucose.  Such  observations  have  been 
published  by  Zimmer,  Ventzke,  Czapek,  Worm-Miiller,  Se^en,  Mauthner, 
Boehmann,  Cotton,  Personne,  Henniger,  Marie,  and  Robinson.  The 
incompleteness  of  the  methods  then  in  use  afforded  no  certain  means  of 
recognising  fruit-sugar,  so  that  the  statements  of  the  older  observers 
must  be  accepted  wiih  reserve.  The  most  characteristic  indication, 
Isvorotation,  may  also  be  occasioned  by  ^-oxybutyric  acid,  conjugated 
glycuronic  acid  and  amino-acids — substances  which  formerly  were  either 
not  known,  or  were  not  sufficiently  taken  into  consideration.  In  those 
cases  in  which  glucose  was  also  present  confusion  with  these  substances 
is  quite  possible,  inasmuch  as  the  behaviour  with  yeast  would  embarrass 
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tiie  recognition  of  a  second  fermentable  sugar.  Seegen  and  Mauthner's  case 
(1)  can  idone  survive  rigid  criticism  ;  it  was  subsequently  examined  with 
great  care  by  Kiilz  (2),  who,  by  applying  Salkowski's  copper-sulphate- 
alkali  method  with  a  large  amount  of  urine,  succeeded  in  isolating  a 
sugar  which  very  probably  was  Uevulose. 

Occurring  at  a  later  period,  the  observations  of  May  (3)  and  Schlesinger 
(4)  are  most  trustworthy.  Still  freer  from  doubt  are  the  recent  cases 
investigated  with  improved  methods  by  Rosin  and  Laband  (5),  Lupine 
and  Boulud  (7),  and  also  by  Neubauer  (24).  The  authors  last  named 
unmistakably  determined  the  fruit-sugar  either  by  analysis,  or  by  isolating 
it  in  the  form  of  a  derivative-— calcium  fructosate  [Herzfeld  and  Winter], 
methylphenylosazone^  [Neuberg].  Neubauer  obtained  it  as  such  in  the 
crystalline  form. 

The  statements  referred  to  relate  solely  to  the  (so  far)  very  limited 
number  of  cases  of 

2.  Pure  Lavulosnrla, 

in  which  titration  and  polarization  yield  almost  identical  results,  and  the 
presence  of  another  kind  of  sugar  can  be  excluded. 

Pure  IflBvuloBuria  occurs  in  persons  of  both  sexes,  and  has  been  observed 
at  all  ages.  The  amount  of  fruit-sugar  excreted  appears  to  be  subject 
to  great  variations.  Schlesinger  found  2-7  grammes  a  day ;  Lupine  found 
almost  ten  times  as  much — ^24  grammes. 

Neubauer  saw  this  form  of  laevulosuria  disappear  after  complete  with- 
drawal of  carbohydrates,  even  of  the  ketoses. 

Another  kind  of  sugar  may  be  present  in  the  urine  along  with  Uevulose ; 
recent  investigations  show  that  cases  of  this  kind  are  the  most  common, 
such  as 

3.  LavQlosnrla  assoelated  with  Olyeosurla. 

Roein  and  Laband,  Dub,  and  Umber  have  directed  attention  to  the 
frequent  occurrence  of  this  combination.  Schwarz  corroborates  this  by 
demonstrating  the  coexistence  of  l»vulose  with  glucose  in  six  out  of  nine- 
teen cases.  This  combination  has  been  met  with  in  all  forms  of  diabetes ; 
in  a  case  of  glycosuria  in  a  child  it  was  found  by  Umber  twenty-seven  times 
in  twenty-eight  successive  days.  Li  severe  types  of  diabetes,  in  which 
acidosis  occurs.  Umber  scarcely  ever  missed  finding  Isvulose,  especially 
when  no  restriction  was  imposed  on  the  intake  of  carbohydrates. 

Neubauer  (24)  observed  some  remarkable  conditions  in  a  case  of  mixed 
melituria.  Withdrawal  of  carbohydrates  caused  both  the  fruit-sugar 
and  the  glucose  to  disappear  from  the  urine.  When  IsBvulose  was  given, 
it  was  utilized  (more  than  50  grammes) ;  on  the  other  hand,  glucose  was 

i    Among  the  natoimlly  ooomring  hezoaes,  the  Mymmetric  methyl  pheayl-hydraun, 
»N— NHf,  dizeoUy  fonns  »  methyl-pheayl-osasone  with  the  ketoee,  froit-Bugar, 


klane.  With  the  iaomerio  aldehyde  augan  it  onl^  fonns,  aa  a  rule,  the  easily  diBtinguiahed 
hydnuume.  Neyertheleaa*  the  reaotion  ia  only  mfallible  when  oairied  out  under  apeoifio 
oooditioiia  (8). 
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less  oompletely  uaed  ap  (only  15  to  26  grammefl) ;  in  part  it  was  excreted  as 
Ittvulose. 

In  mixed  melituria  the  quantity  of  fructose  excreted  is  osoally  less 
than  that  of  grape-sugar ;  but  as  there  is  great  difficulty  in  determining 
the  respective  amounts  of  these  sugars  when  present  together,  only  a  few 
exact  statements  are  recorded. 

Instances  in  which  glycosuria  and  fructosuria  alternate  have  not  been 
recognised  with  certainty.  Cases  of  the  nature  of  those  recorded  by 
Spath  and  Weil  (25)  have  not  yet  been  explained ;  in  these  cases  a  second 
Isvorotating,  reducing  substance  was  excreted  along  with  Isvulose ;  it 
was  unf ermentable,  and  yielded  no  osazone.  Probably  these  cases  have 
no  relation  to  intrinsic  diabetes. 

A  third  category  is  represented  by  the  occurrence  of 

4.  Alimentary  Fnietosurla. 

This  condition  has  long  been  known,  and  may  occur  in  healthy  persons, 
as  well  as  in  those  who  suffer  from  diabetes  or  other  disease.  In  healthy 
people  unmistakable  cases  of  alimentaiy  Iffivulosuria  have  been  described 
by  Moritz,  Haycraft,  and  H.  Strauss  (10).  Naunyn,  Se^;«i,  Cotton, 
le  Goff,  Weintraud,  Laves,  Socin,  Umber,  Schlesinger,  and  Schwarz  (11) 
have  observed  it  in  various  d^rees  of  persistent  diabetes.  The  quantities 
of  fruit-sugar  excreted  in  the  alimentaiy  ladvulosuria  of  the  diabetic 
obviously  depend  upon  the  amount  of  fructose  administered  and  the 
vaiying  tolerance  in  each  case.  Umber  (9)  observed  the  daily  excretion 
in  a  case  of  severe  diabetes  to  equal  259-5  grammes ;  this,  by  the  ad- 
ministration of  100  grammes  of  Isvulose,  was  increased  to  377*5  grammes, 
of  which  25*17  grammes  were  fruit-sugar — ^that  is  to  say,  one-fourth  of  the 
amount  of  Isevulose  administered.  In  other  diseases,  also,  beside  diabetes 
— ^for  example,  in  diseases  of  the  liver — ^the  assimilation  of  fruit-sugar  may 
be  extraordinarily  diminished,  whether  given  free  as  disaccharide  (cane- 
sugar)  or  as  polysaccharide  (inulin) ;  any  difference  thus  occasioned  is 
only  quantitative.  In  relation  to  diagnosis,  the  observation  first  made 
by  H.  Strauss  (12)  that  alimentary  Isevulosuria  may  constitute  a  direct 
indication  of  fmictional  derangement  of  the  liver  is  important.  The 
accuracy  and  suitableness  of  Strauss's  method  of  testing  the  liver  fmiction 
have  been  confirmed  by  Sachs,  Chajes,  Lupine,  Baylack  and  Amaud, 
Bruining,  and  others  (13). 

In  other  functional  derangements  of  important  organs,  or  when  they 
are  experimentally  damaged,  alimentary  Isevulosuria  occurs  under  slight 
provocation.  Porges  (14)  saw  it  in  the  dog,  after  poisoning  with  thyroid- 
gland  substance  ;  in  stoppage  of  the  common  bile-duct  and  in  pneumonia 
it  was  observed  by  Umber  ;  and  by  Hans  Sachs  in  frogs  after  removal  of 
the  liver.  Numerous  experiments  on  animals  show  that  by  damage  to 
the  liver  the  tolerance  for  fruit-sugar  is  diminished. 

In  connection  with  the  relation  betweoi  alimentaiy  Isevulosuria  and 
the  hepatic  function  already  mentioned,  Schroter  (23)  has  drawn  attention 
to  the  occurrence  of  alimentaiy  Isvulosuria  in  eclampsia,  in  which  Schmorl 
has  frequently  found  necroses  in  the  liver.    There  is  no  ground,  however, 
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for  assnmiiig  a  real  connection  between  the  excretion  of  fruit-sugar  and 
eclampaia.  On  the  other  hand,  it  appears  that  alimentary  bevulosuria  is  a 
frequent  accompaniment  of  pregnancy  ;  it  was  observed  in  17  out  of  95 
pr^nant  women,  in  8  out  of  18  lying-in  women,  and  in  3  out  of  6  women  in 
labour.  Brocard  (20)  beUeves  that  spontaneous  laevulosuria  occurs  in  some 
pregnant  women ;  he  also  regards  the  alimentaiy  laevulosuria  of  pregnancy 
as  a  special  anomaly,  and  not  as  the  result  of  an  affection  of  the  thyroid 
gland,  which  frequently  occurs  in  the  gravid  state  {vide  No.  14). 


6.  Etiology  and  Theory  of  Lavulosurla. 

Whilst  alimentary  hevulosuria  may  be  due  to  the  natural  assimilation 
Umit  being  exceeded,  or  to  a  lowering  of  the  power  of  oxidation,  such  an 
explanation  cannot  be  accepted  either  for  pure  fructose  diabetes  or 
for  the  mixed  glucose  and  IbbvuIoso  diabetes.  After  copious  ingestion  of 
fruit-sugar  and  other  carbohydrates,  or  even  glucose,  Rosin  and  Laband, 
and  also  May,  failed  in  their  cases  of  spontaneous  Isvulosuria  to  cause  an 
increase  in  the  excretion  of  IbbvuIosc,  or  to  determine  the  occurrence  of 
any  other  sugar.  Umber  observed  a  slight  effect  in  a  case  of  severe 
diabetes,  in  which  Isevulose  was  also  present  in  the  urine ;  100  granmies  of 
Isevuloee  were  given,  and  were  almost  entirely  excreted  as  grape-sugar. 
That  is  to  say,  in  the  opinion  of  Iffinkowski  and  Naunyn,  the  laevulose  was 
transformed  beyond  the  glycogen  stage  into  blood  dextrose.  The  lot  of 
the  Iffivuloee  polysaccharides,  of  inulin,  is  precisely  the  same  [Umber]. 

The  indubitable  development  of  Isvulose  in  the  organism,  previously 
diflBcult  to  explain,  has  lost  some  of  its  puzzling  aspect  through  the 
researches  of  Lobry  de  Bruyn  and  Alberda  von  Eckenstein ;  these  chemists 
show  that  glucose  and  Isvuloee  change  the  one  into  the  other  proportion- 
ally to  their  dissociation  by  the  action  of  hydroxyl  ions,  especially  by 
traces  of  alkalis,  and  also  by  neutral  salts  such  as  sodium  acetate. 

OH  H    OH  OH 
OOH  — C  — C  — C  — C  — CHjOH 
H   OH     H     H 


H    OH  OH 
CH^H  — 00  — C  — C^C  — CH/)H 
OH    H     H 

Vnilt«ugv. 

Rosin  (16)  observed  a  like  transformation  of  grape-sugar  into  IsBvulose 
by  prolonged  heating  in  dilute  hydrochloric  acid.  This  important  obser- 
vation is  confirmed  by  Ost  (16). 

Neuberg  and  Mayer  (17)  have  experimentally  proved  with  another 
sugar — ^mannose — ^that  similar  atomic  displacements  take  place  in  the 
animal  economy  ;  the  possibility,  therefore,  of  a  formative  process  of  this 
kind  taking  place  in  the  body^  is  not  to  be  rejected.    The  researches  of 

^  In  his  disBarUtion  (Stnasbufg,  1899)*  J.  Bmt  directs  attention  to  the  erron  which 
may  be  fallen  into  throiu^  a  like  transformation  of  glucose  into  froit-sngar  by  Bystemic 
fluids,  etc.,  with  cheDUoaT manipulation  outside  the  body. 

VOL.  m.  46 
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Neuberg  and  H.  Strauss  (18)  actually  show  that  without  previous  inges- 
tion of  Isvulose  fruit-sugar  may  be  present  in  the  human  body.  Giirber 
and  Gninbaum  observed  a  like  power  in  the  amniotic  fluid  of  the  cow, 
the  she-goat,  and  the  sow,  but  not  in  that  of  mankind.  Bosin  and 
Laband  obtained  proof  of  die  presence  of  fructose  in  the  arterial  blood 
of  their  patient  with  spontaneous  laevulosuria,  as  in  the  common  excretion 
of  glucose  and  fructose.  The  excretion  of  IsBvulose  is  more  difficult  to 
account  for  than  its  occurrence.  Li  relation  to  this  question,  it  is  to  be 
remembered  that  F.  Voit  and  E.  Voit,  after  subcutaneous  administration, 
observed  that  fruit-sugar,  as  compared  with  glucose,  more  easily  found  its 
way  into  the  urine  ;  and  that  G.  von  Voit  and  Cremer  (20)  proved  that  it 
possessed  a  feebler  capacity  to  become  stored-up  glycogen.  It  is,  further, 
to  be  remembered  that  the  statement  made  in  1851  by  Bouchardat  (often 
erroneously  attributed  to  Kiilz)  as  to  the  specially  easy  way  in  which 
l»vulose  is  burnt  up  is  no  longer  accepted  without  question,  as  shown  in 
the  recent  investigations  by  Naunyn,  Schwarz,  lion,  and  especially  by 
Schlesinger.  To  say  the  least,  great  individual  differences  exist  in  the 
tolerance  of  fruit-sugar,  which  is  much  less  than  that  for  grape-sugar. 
It  depends  in  an  important  degree  upon  the  nature  of  the  other  food  par- 
taken of,  and  upon  the  extent  to  which  it  is  utilized  in  the  organism 
[Falta  (21 )].  Minkowski's  researches  on  a  dog  which  had  been  deprived  of 
its  pancreas  undoubtedly  show  that  lasvulose  is  metabolized,  whilst  glucose 
is  not ;  under  such  conditions,  therefore,  Isvulose  is  capable  of  forming 
glycogen,  and  glucose  is  not. 

It  is  remarkable  how  extremely  resistant  Isevulose  is  to  the  sugar- 
destroying  action  of  most  organs  (glycolysis).  Sehrt  (21)  found  that  a 
mixture  of  pancreas  and  muscle,  which  acted  energetically  on  grape- 
sugar,  was  powerless  with  fruit-sugar. 

We  have  no  certain  knowledge  as  to  whereabouts  in  the  organism  the 
formation  of  Isvulose  takes  place ;  the  experiments  previously  mentioned 
relating  to  the  metabolism  of  Isvulose  show  that  the  liver  exercises  a 
direct  or  indirect  influence,  and  it  is  not  impossible  that  this  organ,  the 
many-sided  chemical  laboratory  of  the  organism,  also  participates  in  the 
production  of  laBvulose. 

Only  a  few  statements  have  been  made  concerning  the  influence 
phlorizdin  exercises  in  iBBvulosuiia.  Schlesinger  (4)  found  in  his  patient, 
as  in  the  healthy  person,  glucose,  but  no  Uevulose  appeared.  On  the  other 
hand,  Neubauer  (24),  in  his  case  of  mixed  melituria,  observed  that  both 
fruit-sugar  and  glucose  were  excreted  after  subcutaneous  injection  of 
phlorizdin,  whilst  when  it  was  given  by  the  mouth  no  effect  was  produced. 

The  etiology  of  spontaneous  l»vulosuria  is  unknown ;  as  a  rule,  it 
manifests  itself  by  typical  diabetic  symptoms — ^polyuria,  thirst,  irritation 
of  the  skin,  etc. ;  any  relation  to  other  diseases  is  uncertain.  In  Rosin's 
and  Laband's  case  there  was  obesity  ;  in  May's  case  there  was  transverse 
myeUtis.  Lupine  observed  Isevulosuria  after  an  abortion.  In  Mauthner 
and  Seegen's  case,  and  also  in  the  somewhat  doubtful  case  of  Gzapek  and 
Zimmer,  hereditary  disposition  to  diabetes  seemed  to  be  present.  Neu- 
bauer reports  synchronous  manifestations  affecting  the  nervous  system — 
neurasthenia,  melancholia,  and  neuralgia. 
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The  excretion  of  fruit-sugar  may  occur  in  all  stages  of  existing  glyco- 
suria ;  according  to  Umber,  it  is  almost  constantly  present  in  the  severest 
cases  of  diabetes  if  improper  diet  is  taken. 

Ck>mpare  IsBvuIosuria  in  the  chapter  on  Diabetes  Mellitus. 

6.  Therapy. 

No  therapeutic  treatment  is  known  for  a  disease  like  pure  IsBvulosuria, 
which  possesses  so  few  intrinsic  characteristics.  The  excretion  of  fruit- 
sugar  can  almost  always  be  diminished  or  abolished  by  limiting  or  entirely 
withdrawing  carbohydrates,  as  is  the  case  with  glycosuria  [L6pine] ; 
occasionally,  indeed,  simple  withdrawal  of  ketoses  suffices  [Neubauer]. 
The  effect  is  all  the  more  readily  produced,  as,  according  to  our  present 
experience,  iBBvulosuria,  unlike  ordinary  diabetes,  has  no  tendency  to 
advance,  but  rather  tends  to  improve. 

In  combined  fruit  and  grape  sugar  excretion  the  first-named  dis- 
appears coincidently  with  the  diminution  and  cessation  of  the  glycosuria 
[Schwarz,  Umber]. 

7.  Dlagnosb  of  Lavulosoria. 

1.  Cases  of  pure  laBvulosuria  are  recognised  by  l»vorotation  of  the  urine, 
which  possesses  reducing  properties,  and  is  capable  of  undergoing  fer- 
mentation. After  fermentation  with  yeast,  the  urine  loses  its  reducing 
and  optical  prox)ertiee. 

2.  With  concurrent  glycosuria,  the  presence  of  Isdvulose  is  indicated  by 
a  considerable  difference  betweoi  the  results  obtained  by  polarization 
and  titration.  The  capacity  to  undergo  complete  fermentation,  with 
loss  of  reducing  and  rotating  power  of  the  resulting  liquid,  establishes  the 
diagnosis.  In  all  cases  corroboration  should  be  obtained  by  recourse 
to  Seliwanoff's  reaction — a  red  coloration  of  the  urine — or  warming  it  with 
resorcin  and  hydrochloric  acid.  It  is  necessary,  however,  to  perform  the 
test  with  certain  precautions  (22). 
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II.— PENTOSUBIA  AND  OTHER  KINDS  OP  EXCRETION 
OP  PIVE-CARBON  SUGARS. 

1.  Intrinsic  Pentosuria. 

In  the  yeax  1892  E.  Salkowski,  along  with  M.  Jastrowitz  (1),  dis- 
covered a  new  anomaly  in  human  metabolism — a  distinct  kind  of  diabetes, 
in  which  no  glucose,  but  a  carbohydrate  of  the  five-carbon  series,  a  pen- 
tose, was  excreted.  Two  other  cases  of  the  same  kind  were  soon  after 
communicated  by  E.  Salkowski  and  P.  Blumenthal  (2) ;  since  then  a 
number  of  others  have  been  met  with.  The  later  observations  are  by 
Reale  [4],  Colombini  [5],  Meyer  [6],  Bial  [7-11],  Brat  [12],  Luzzatto  [13], 
d'Amato  [14],  Bendix  [15],  Romme  [16],  and  von  R.  and  0.  Adler  [17]  (3). 
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The  statements  of  different  writers  as  to  the  amount  of  pentose  present 
m  the  orine  range  between  0*06  and  1-0  per  cent. ;  but,  for  reasons  given 
below,  these  estimations  are  too  low,  the  trae  percentage  being  about 
double  that  which  is  stated.  Urine  containing  pentose  possesses  reducing 
properties,  which,  however,  are  usually  of  a  peculiar  kind  ;  the  Fehling's 
solution  at  first  remains  clear,  and  then,  after  boiling  for  a  time,  is  suddenly 
reduced.  Pentose  urine  is  incapable  of  fermentation,  and,  with  the  excep- 
tion of  one  case  (14),  has  never  been  found  to  possess  optical  activity. 
Up  to  a  certain  point,  the  positive  reaction  with  Tollen's  orcin  test  is 
characteristic  green  coloration  on  heating  the  urine  with  orcin  and 
hydrochloric  acid ;  an  amyl-aloohol  extract  of  this  yields  an  absorption 
band  between  C  and  D.  Similar  treatment  with  phloroglucin  gives  a  red 
coloration,  and  the  amyl-alcohol  extract  shows  a  band  between  D  and  E. 
These  reactions,  however,  also  occur  in  urines  which  contain  no  pentose, 
but  only  glycuronic  acid. 

The  clinical  portrayal  of  pentosuria,  if  such  a  thing  can  be  spoken  of, 
resembles  diabetes  in  one  respect  only — namely,  that  the  person  so  affected 
excretes  sugar  in  the  urine  for  years.  There  are  no  intrinsic  clinical 
appearances,  as  in  true  diabetes.  Although  occasionally  nervous  symp- 
toms are  mentined  in  the  clinical  histoiy  of  solitary  pentosurics,  there  is, 
according  to  Blumenthal  and  Umber  (18),  no  occasion  for  therapeutic 
treatment ;  apart  from  the  anomaly  as  such,  most  pentosurics  are  quite 
healthy.  It  must  be  mentioned,  however,  that  in  Case  10  the  pentosuria 
was  proved  to  have  occurred  after  prolonged  cocainism,  and  that  Cases  1 
and  4  were  addicted  to  morphinism ;  stiU,  no  proof  is  afforded  of  any 
causal  relation  between  the  abuse  of  the  alkaloids  and  the  irregularity  of 
metabolism,  for  chronic  pentosuria  lasted  after  withdrawal  of  the  alkaloids. 

It  is  noteworthy  that  the  tendency  to  pentosuria  may  be  hereditaiy. 
Brat  (3)  narrates  a  case  of  pentosuria  affecting  two  members  of  a  family — 
a  woman  sixty-two  years  old,  and  her  brother  aged  fifty.  Blumenthal's 
two  cases  (2)  were  brother  and  sister,  and  Bial  observed  pentosuria  in  two 
sisters  and  tiieir  brother  (3). 

In  conformity  with  the  absence  of  clinical  symptoms,  this  anomaly  of 
metabolism  usually  occasions  no  suffering  to  those  who  are  the  subjects 
of  it ;  for  the  most  part,  the  discovery  of  pentosuria  is  accidentally 
made  in  the  course  of  a  special  scientific  examination  of  the  urine.  Not 
withstanding  this,  the  anomaly  claims  the  careful  attention  of  the  prac- 
titioner ;  for,  even  in  inexpert  hands  and  by  superficial  examination,  it  is 
quite  possible  to  obviate  confusion  with  diabetes,  and  thus  to  spare  the 
pentosuric  unnecessary  dietetic  restrictions. 

The  practical  interest  in  pentosuria,  however,  is  greatly  surpassed  by 
its  theoretical  importance  (5),  which  is  due  to  the  nature  of  the  excreted 
sugar,  apart  from  the  existence  of  an  anomaly  of  carbohydrate  metabolism 
in  the  five-carbon  series.  According  to  the  investigations  of  C.  Neuberg 
(6),  the  sugar  excreted  is  the  optically  inactive,  racemic  arabinose.  It  is 
a  well-known  phenomenon  that  living  tissues  of  every  kind  produce, 
without  exception,  optically  active  forms,  and  by  means  of  a  component 
render  active  any  racemic  forms  which  are  administered.  The  occurrence 
of  an  inactive  urinary  pentose  is  the  first  instance  of  the  appearance  of  a 
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racemic  body  in  the  animal  organism.  The  constitation  of  urinaiy 
pentoae  characterizes  pentosuria  as  a  condition  eui  generis.  The  source 
whence  the  urinary  pentose  springs  must  be  in  the  organism  itself,  as  no 
inactive  arabinose  is  taken  as  food  [Neuberg] ;  besides,  Neuberg  and 
Wohlgemuth  (20)  have  shown  that  ready-formed  inactive  arabinose 
undergoes  such  changes  in  the  healthy  organism  that  it  appears  in  the 
urine  as  d-arabinose.  In  like  manner,  Blumenthal  and  Bial  (7),  by  means 
of  investigations  on  the  metabolism  of  a  pentosuric,  have  established  the 
independence  of  pentosuria  and  the  food  partaken  of,  especially  as  regards 
the  presence  in  it  of  the  pentose  group  of  vegetable  and  animal  origin. 
It  is  noticeable  that  in  pentosurics  the  assimilation  of  other  carbohydrates 
is  unchanged,  and  that  even  the  ordinary  {-arabinose  is  utilized  as  in 
health.  The  presence  of  urinary  pentose  in  the  blood  has  not  been  satis- 
factorily proved  [c/.  P.  Mayer  (19)]. 

It  is  well  known  that  a  pentose-containing  nucleo-proteid  occurs  in 
the  animal  organs.  From  the  pancreas,  which  is  specially  rich  in  it, 
Hammarsten  (8)  and  E.  Salkowski  (9)  obtained  a  pentosazon,  the  con- 
stitution of  which,  however,  is  different  from  that  of  urinaiy  pentose. 
Neuberg  (10)  and  Wohlgemuth  (11)  showed  that  the  pentose  derived 
from  animal  organs  is  {-xylose.  There  is  no  possible  connection  between 
these  two  sugars,  r-arabinose  and  {-xylose,  quite  apart  from  the  fact 
that  the  total  store  of  pentose  in  the  human  organism,  according  to 
Grand  (12),  only  amounts  to  about  10  grammes,  whilst  the  quantity  of 
urinary  pentose  daily  excreted  may  be  three  and  a  half  times  as  much, 
or  30  to  36  grammes. 

Urinary  pentose,  therefore,  is  formed  in  the  organism  of  the  pento- 
suric. It  is  conceivable  that  galactose  is  the  ultimate  source  of  urinary 
pentose.  Certain  chemical  and  biological  experiences,  as  well  as  analogical 
conclusions,  are  in  favour  of  this  view  [Neuberg  (13)] ;  but  no  proof  in 
support  of  it  has  yet  been  advanced.  An  artificially  produced,  genuine 
pentosuria  has  so  far  not  been  obtained. 

It  is  specially  noteworthy  that  in  the  urine  of  the  pentosuric  alone  in 
nature  does  five-carbon  sugar  exist  in  the  /ree,  monomolecular,  reducing 
state.  Both  in  the  vegetable  and  the  anixnal  kingdoms  it  is  found  only 
in  the  form  of  a  high  molecular  anhydride  or  complicated  glucoside,  as 
pentosane  or  in  nucleo-proteids.  From  these  it  can  only  be  set  free  by 
a  more  or  less  profound  hydrolytic  cleavage,  which  in  the  animal  organism 
(so  far  as  is  known)  can  only  be  accomplished  by  special  specific  enzymes 
[Neuberg  and  Milchner].  Nevertheless,  the  statement  regarding  the 
existence  of  urinary  pentose  in  the  free,  reducing  form  demands  a 
certain  limitation.  It  is  true  that,  contrary  to  the  condition  of  all 
other  naturally-occurring  pentoses,  urinaiy  pentose  is  monomolecular, 
but  still,  only  in  part  is  it  in  the  free  form.  According  to  recent 
researches  by  C.  Neuberg  (5),  a  definite  portion  is  combined  with  urea 
in  the  form  of  a  ureid  : 

CH/)H~CH.OH-CH.OH— CH.OH— CH :  N.0O.NH,. 

The  ureid  only  reduces  Fehling's  solution  after  having  undergone 
cleavage,  and  this  in  part  occasions  the  peculiar  attitude  of  pentose- 
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containing  urine  towards  the  reduction  test.  In  titration  the  part  of 
the  pentose  which  is  combined  with  urea  is  withheld  from  the  estimation, 
and  only  manifests  itself  after  cleavage  by  being  boiled  with  6  per  cent, 
sulphuric  acid.  This  behaviour  is  of  importance,  inasmuch  as  the  state- 
ments relating  to  the  amount  of  racemic  arabinose  in  pentose  urine  are 
almost  all  100  per  cent,  too  low. 


2.  Cases  of  the  Excretion  of  Various  Pentoses. 

As  already  mentioned,  in  aU  cases  of  pentosuria  except  one,  the  sugar 
or  its  derivative  has  always  been  found  to  be  optically  inactive.  An 
exception  is  recently  described  by  Luzzatto  (14).  This  author  assumes 
the  excretion  of  I-arabinose  entirely  independent  of  its  reception  in  food. 
A  case  in  which  the  excretion  of  r-arabinose  was  probably  accompanied 
by  dextrorotating  I-arabinose  has  already  been  mentioned  by  F.  Blu- 
menthal  (17).  It  appears  doubtful  whether  Luzzatto's  case  is  to  be 
classified  with  the  other  examples  of  genuine  chronic  pentosuria,  or  that 
it  represents  the  first  instance  of  a  new  anomaly  of  metabolism.  It 
certainly  cannot  be  numbered  with  the  cases  of  alimentary  pentosuria, 
in  which,  as  is  well  known,  an  optically  active  pentose  is  excreted.  Such 
cases  were  first  observed  by  F.  Blumenthal  (15) ;  certain  people  after 
eating  fruit  which  contains  much  pentose  (cherries,  plums)  excrete  pentose 
having  reducing  properties,  mostly  Z-arabinose.  Barczewsky  (16)  has 
made  similar  observations.  A  recent  case  communicated  by  R.  von 
Jaksch  (16)  is  especially  noteworthy.  It  relates  to  the  excretion  of  an 
inactive  arabinose  after  the  ingestion  of  apple-juice,  which  contains 
pentose.  The  optical  inactivity  of  a  five-carbon  sugar  in  the  urine  is 
remarkable,  seeing  that  in  fruit  active  pentoses  alone  occur. 

Differing  from  intrinsic  pentosuria  is  the  excretion  of  small  amounts 
of  sugar  of  the  five-carbon  series,  which,  according  to  Kiilz  and  Vogel  (17), 
occasionally  accompanies  the  output  of  grape-sugar  in  severe  diabetes. 
The  same  authors  have  observed  (17)  that  in  dogs  the  extirpation  of  the 
pancreas  is  followed  by  the  excretion  of  a  pentose  which  is  not  dependent 
on  the  composition  of  their  food.  The  nature  of  this  five-carbon  sugar, 
and  the  clinical  signification  of  its  appearance,  are  unknown.^ 


3.  The  Dlagnosb  of  Essential  Pentosuria. 

Pentosuria  is  indicated  by  the  urine  possessing  reducing  properties, 
possibly  of  a  dilatory  kind,  with  absence  of  fermentable  capacity  and 
of  optical  activity.  Positive  reactions  with  the  orcin  and  phloroglucin 
tests,  and  the  production  of  a  phenylosazon  with  a  melting-point  of 
160°  to  166""  C,  strengthen  the  assumption. 

Supplementally,  attention  may  be  directed  to  the  statement  of 
Brat  (21)  relating  to  the  occurrence  of  methylpenioses^  or,  more  accur- 

^  For  further  details  comcenung  the  physiology  of  the  pentoses,  see  C.  Xeubera, 
**  Ergebnisse  der  Physiologie."  III.,  1  Abteil.  S.  373-452  (1904).  Compare  also  Vol.  I., 
p.  169,  and  Vol.  m.,  p.  676. 
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ately,  of  methylpentosaneB,  in  human  orine.  Nothing  further  is 
known  either  of  the  nature  of  the  excreted  carbohydrate,  or  of  the 
conditions  under  which  it  appears.  Most  probably  it  represents  in 
the  urine  the  spent  products  of  vegetable  food,  in  analogy  with  the 
behaviour  of  pentosanes,  which  occasionally  appear  to  pass  over  in  small 
amount  into  the  urine. 
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m.— THE  EXCRETION  OP  GLYCDRONIC  ACID. 

1.  INseovery  and  Chemleal  Charaeter. 

In  the  year  1878  glycuronic  acid  was  simultaneously  discovered  by 
M.  Jaff6,  O.  Schmiedebeig,  and  Hans  Meyer,  as  a  product  of  animal 
metabolism.  The  relation  it  bears  to  grape-sngar  was  assumed  by  its 
discoverers,  and  was  proved  in  1891,  when  Emil  Fischer  and  Filoty 
e£fected  the  synthesis  of  glycuronic  acid.  The  two  substances  have  the 
same  relation  to  each  other  that  aldehyd-alcohol  has  to  aldehydic  acid. 

OH  H    OH  OH 

OOH  — C  — C  — C  — C  — OOOH 

H   OH    H     H 

Qljoaronle  Add. 

OH   H    OH  OH 

OOH  — C  — C  — C  — C  — CHjOH 

H   OH     H     H 

0»p9-«ugar. 

It  is  characteristic  of  glycuronic  acid  that,  when  produced  naturally, 
it  is  never  found  in  the  free  state,  but  only  in  the  combined  form  as  con- 
jugated glycuronic  acid.  This  acid  is  specially  capable  of  entering  into 
combination  with  a  great  number  of  substances  which  almost  without 
exception  have  the  chemical  characteristics  of  an  alcohol  or  a  phenol. 
The  conjugated  glycuronic  acid  compounds  possess  a  further  common 
characteristic  :  they  are  l»vorotatory,  whilst  free  glycuronic  acid  is  dextro- 
rotatory. By  treatment  of  the  conjugated  acid  with  acids  and  other 
hydrolyzing  agents,  free  glycuronic  acid  and  its  conjugate  are  produced. 
In  the  greater  number  of  instances  the  constitution  of  conjugated  gly- 
curonic acids  is  that  of  a  glucoside  of  the  ordinary  type  : 

OOOH— CH.OH— OH— CH.OH— CH.OH— CH.OH ; 

' o *. 

Still,  other  types  of  the  combination  occur  [Jaff6].  A  number  of  physio- 
logically important  representatives  of  this  class  of  the  glucoside  type 
have  been  determined  by  the  synthesis  of  conjugated  glycuronic  acids, 
carried  out  by  Neubeig  and  Neimann,  and  by  the  same  authors'  dis- 
covery of  the  power  of  cleavage  possessed  by  enzymes  (emulsin  and 
kefirlactase)  on  the  conjugated  acids. 


2.  The  Oeeurrenee  of  Olyeuronle  Acid  Combination  in  the 
Mormal  State. 

The  excretion  of  glycuronic  acid  compounds  under  artificially  pro- 
duced conditions  has  been  known  for  many  years,  but  as  a  product  of 
normal  and  pathological  human  metabolism  its  discovery  is  quite  recent. 
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(a)  Urine. 

Some  of  the  older  authors  had  inferred  the  presence  of  small  amounts 
of  conjugated  glycuronic  acid  in  normal  urine,  but  its  occurrence  was 
first  shown  by  Mayer  and  Neuberg  (2).  By  working  with  50  litres  of 
normal  urine,  glycuronic  acid  was  isolated,  and  the  nature  of  its  conju- 
gates was  established.  They  are  phenol  and  indoxyl,  or  cresol  and 
scatoxyl.  The  amount  of  glycuronic  acid  reaches  at  least  0-004  gramme 
in  100  c.c.  of  urine. 

(&)  Blood. 

Subsequently  Paul  Mayer  found  glycuronic  acid  to  be  a  normal 
constituent  of  blood,  and  isolated  it  out  of  the  blood  of  oxen.  This  dis- 
covery was  confirmed  by  L6pine  and  Boulud  (2)  with  human  blood  and 
the  blood  of  dogs  and  rabbits.  The  nature  of  the  conjugate  has  so  far 
not  been  discovered. 

(c)  Organs, 

As  a  rule,  very  little  glycuronic  acid  is  found  in  the  organs  in  which 
we  assume  it  to  be  formed.  Lupine  in  one  instance  demonstrated  its 
presence  in  the  liver.  The  statements  of  Bial,  Huber,  and  van  Leersum 
concerning  the  presence  of  glycuronic  acid  in  the  normal  contents  of  the 
bowel  are  the  result  of  confusion  of  it  with  pentosane,  or  with  nucleo- 
proteid  containing  pentose.  On  the  other  hand,  the  administration  of 
a  conjugated  glycuronic  acid  seems  to  be  followed  by  the  appearance  of 
aldehydic  acid  in  the  bile.  Li  accordance  with  the  older  views,  B^la  von 
Fenyvessy  (4)  observed  that  the  total  conjugated  glycuronic  acid  is 
excreted  in  the  urine. 

The  older  statements  concerning  the  occurrence  of  conjugated  gly- 
curonic acid  in  other  parts  of  the  organism  are  not  confirmed  by  recent 
researches.  Chondroitin  sulphuric  acid,  which  results  from  the  breaking 
down  of  cartilaginous  substances,  yields,  according  to  Schmiedeberg, 
glycuronic  acid  as  a  cleavage  product;  but  according  to  Orgler  and 
Neuberg,  the  acid  which  is  thus  produced  contains  nitrogen,  and  is  prob- 
ably a  poly-oxy-amino  acid.  It  is  not  yet  determined  whether  the  glyco- 
thionic  acids — that  is,  conjugated  sulphuric  acids  which  contain  nitrogen, 
and  include  a  carbohydrate  group — are  related  to  glycuronic  acid  [Mandel 
and  Levene  (6)].  Such  a  relation  with  sarco-phosphoric  acid,  and  pre- 
sumably with  uro-proteic  acid,  is  to  be  denied. 

It  is  to  be  inferred  from  the  above  statements  that  the  amount  of 
conjugated  glycuronic  acid  in  the  normal  organism  is  inconsiderable, 
and  probably  its  presence  is  not  constant.  This  holds  good  especially 
for  the  glycuronic  acid  combinations  of  the  urine,  the  amount  of  which 
depends  on  the  digestive  conditions  then  existing  in  the  intestines ;  in 
other  words,  it  is  determined  by  the  quantity  of  phenol  and  indol  that  is 
produced. 
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3.  Artifldally-developed  Glyeuronle  Add  Exereflon. 

The  excretion  of  glycuronic  acid  artificially  produced  is  of  great 
practical  interest,  and  in  its  quantitative  aspect  is  almost  as  striking  as 
the  scanty  amount  that  is  excreted  in  the  normal.  The  number  of  sub- 
stances which  are  capable  of  producing  the  excretion  of  glycuronic  acid 
is  legion.  This  is  not  the  place  to  enumerate  them  ;  let  it  sufSce  to  say 
that  almost  every  class  of  organic  combination  can  furnish  representatives 
capable  of  conjugating  with  glycuronic  acid.  The  practical  importance 
of  this  arises  out  of  the  fact  that  quite  a  laige  number  of  important  thera- 
peutic agents  are  glycuronic  acid  producers  :  such  are  chloral  hydrate, 
carbolic  acid,  resorcin,  antifebrin,  phenetidin,  menthol,  bomeol,  camphor, 
sandal-oil,  /3-naphthol,  chinosol,  morphine,  antipyrin,  pyramidon,  etc. 
These  combinations  undergo  many  changes  in  the  organism,  so  that 
what  may  be  called  in  a  certain  sense  alimentary  glycuronuria  may  be 
broadly  classified  according  to  the  following  arrangement : 

1.  Aleohoh  and  phenola  and  bodies  which  include  an  alcoholic  hydroxyl 
(—OH)  are  capable  of  directly  conjugating  with  glycuronic  acid ;  such 
are  ethyl  alcohol,  carbolic  acid,  chinosol. 

2.  AtdeAydea,  which  are  first  reduced  to  primary  alcohols — as  chloral 
hydrate,  trichlorbutylaldehyde. 

3.  KeUmea,  which  are  first  changed  into  secondary  alcohols  —  as 
acetone,  diacetic  acid. 

4.  Carbdhyd/raUa^  which  are  hydrolyzed  into  alcohols  or  phenols — as 
benzole,  naphthalin. 

5.  Heterocydic  substances  behave  similarly,  and  are  also  hydrolyzed 
— as  indol,  antipyrin. 

6.  Hydroaramatie  bodies  of  the  camphor  and  terpene  groups,  which 
sometimes  follow  like  rules,  sometimes  special  rules. 

In  addition,  a  molecular  diminution  from  oxidative  breaking  down 
or  a  molecular  augmentation  from  sjnithesis  may  occur. 

The  result  of  all  these  various  transformations  is  in  each  instance  the 
formation  of  an  alcohol  or  a  phenol,  which,  with  glycuronic  acid,  forms 
conjugated  glycuronic  acid.  As  already  mentioned,  these  conjugated 
acids  are  mostly  of  the  glucoside  type  : 

OOOH-CH.OH— CH-CH.OH— CH.OH— CH.OR.* 

I o ^ 

The  Invorotating  urea-glycuronic  acid  obviously  has  a  different 
constitution : 

OOOH— CH.OH--CH.OH— CH.OH— CH.OH— CH =N 

I 
H,N-00 

According  to  Neuberg  and  Neimann  (6),  this  combination  may  be 
present  in  many  urines  which  contain  glycuronic  acid  without  a  corre- 
sponding amount  of  conjugates  possessing  alcohol  and  phenol  charac- 
teristics {vide  pp.  723  and  735). 

for  **  ndioals/'  sooh  m  phenyl,  bemoyl,  iBO-propyl,  etc. 
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Mention  has  already  been  made  of  the  glyouronic  aoid  combination 
isolated  out  of  urine  by  means  of  the  p-dimethylaminobenzaldehyde 
process  of  Jaff6  (6),  which  probably  also  has  a  different  constitution. 

It  is  not  possible  to  pronounce  a  priori  concerning  the  capacity  of  a 
substance  to  conjugate  with  glycuronic  acid ;  each  one  must  be  deter- 
mined by  experiment.  Substances  which  have  a  close  chemical  relation- 
ship frequently  behave  themselves  in  an  absolutely  contradictory  manner 
— as,  for  example,  m-  and  p-cymol  (6),  menthol  and  pulegon,  nerol  and 
geraniol  (6).  Only  the  first-named  of  each  pair  conjugate  with  glycuronic 
acid  ;  the  isomers  are  split  up  by  oxidation. 

The  range  of  glycuronic  acid  conjugation  also  covers  wide  limits. 
According  to  0.  Neubauer  (6),  the  proportion  of  the  substance  that  is 
introduced  which  enters  into  combination  with  glycuronic  acid  is,  with 
pure  aliphatic  substances,  usually  very  small,  but  with  halogen  substitu- 
tion products — ^for  example,  chloral  hydrate — ^is  very  considerable. 
Extraordinary  differences  are  met  with  in  the  extent  of  glycuronic  acid 
conjugation  in  various  animal  species.  GeneraUy  speaking,  the  forma- 
tion of  conjugated  glycuronic  acid  in  the  herbivora  is  much  more 
copious  than  in  the  camivora.  In  many  instances  the  herbivora  alone 
are  capable  of  accomplishing  the  sjnitheeiB.  Human  beings  who  Uve  on 
a  mixed  diet  take  an  intermediate  position. 


4.  The  Behaviour  of  Eniymes  and  Baeteria  towards  Glyeuronle  Add. 

Pree  glycuronic  acid  does  not  ferment  with  yeast.  In  small  amount, 
possibly,  along  with  much  grape-sugar,  it  may — ^like  pentose — ^be  fer- 
mentable [Daiber  (7)].  In  opposition  to  this  statement  accepted  by 
the  older  writers,  Hildebrandt  (7)  has  recently  found  free  glycuronic  acid 
to  be  fermentable  by  yeast  or  zymin  with  the  production  of  carbon 
dioxide,  and,  in  the  place  of  alcohol,  acetic  acid  and  malonic  acid. 
According  to  Thierfelder  (7),  glycuronic  acid  is  decomposed  by  the 
microbes  of  sewage  with  a  kind  of  methane  fermentation  that  produces 
as  by-products  carbon  dioxide,  hydrogen,  acetic  and  lactic  acids.  Many 
conjugated  glycuronic  acids  have  also  very  feeble  power  of  resistance  to 
putrefaction. 

Under  other  conditions  bacterial  decomposition  of  glycuronic  acid 
may  be  produced  without  complete  rupture  of  the  carbon  chain.  Sal- 
kowski  and  Neuberg  (7),  by  means  of  the  ordinary  putrefactive  micro- 
organisms of  flesh,  in  a  feeble  alkaline  medium,  produced  cleavage  of 
carbon  dioxide  from  glycuronic  acid,  by  which  it  was  transformed  into 
a  pentose — I-xylose. 

This  biochemical  transformation  of  glycuronic  acid  probably  indicates 
one  of  the  physiological  functions  which  the  acid  fulfils  in  the  organism. 
As  was  mentioned  with  regard  to  pentosuria,  the  five-carbon  sugar  of  the 
organism  is  I-xylose ;  on  the  other  hand,  glycuronic  acid  is  chemically 
and  physiologically  closely  related  to  grape-sugar,  out  of  which  it  is  pro- 
duced in  the  organism.  In  all  probability,  therefore,  as  a  normal  con- 
stituent of  the  blood  and  other  juices  of  the  body,  it  may  fulfil  the  role 
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of  fonning  the  prosthetic  xylose  group  of  nucleo-proteidee  out  of  deriva- 
tiveB  of  glucose. 

The  enzymes  of  the  animal  economy  which  exercise  a  hydrolyzing 
action  on  the  conjugated  glycuronic  acids  are  not  yet  known ;  possibly 
bacteria  possess  this  power.  On  the  other  hand,  ferments  occur  in  plants 
which  are  able  to  spUt  up  conjugated  glycuronic  acid.  Neuberg  and 
Neimann  observed  that  emulsin  and  kefirlactase  hydrolyze  some  con- 
jugated glycuronic  acids,  especially  those  with  an  aromatic  conjugate — 
phenylglycuronic  acid,  for  example— ^md  Hildebrandt  (7)  has  recently 
found  another  vegetable  ferment — ^myrosin — which  acts  on  conjugated 
glycuronic  acids. 


5.  The  Origin  and  Formation  ot  Olyeuronic  Aeld  in  the  Organism. 

As  already  stated,  the  discoverers  of  glycuronic  acid  regarded  it  as 
a  derivative  of  grape-sugar,  and  also  accepted  its  formation  from  glucose 
in  the  animal  body.  E.  Fischer,  Piloty  and  Sundwik  (1)  have  evolved 
the  hypothesis  that  a  union  of  the  pairing  body  with  glucose  first  occurs, 
and  that  subsequently  this  glucoside  is  oxidized  to  conjugated  glycuronic 
acid. 

CHjOH— CH.OH— CH— (CH.OH)»~CH.OR  — ^ 

1 O       — ^ 

00  OH-CH-OH—CH— (CH.OH)r-<:H.OR 
^ 0 ^ 

Later,  the  opinion  has  been  expressed  that  glycuronic  acid  is  an 
o£Pspring  of  protein.  This  view  is  most  exhaustively  urged  by  Loewi  (8), 
who,  whilst  regarding  the  constitution  of  protein  as  out  of  consideration 
in  respect  to  sugar  formation,  places  it  in  the  first  rank  among  the  sources 
of  glycuronic  acid.  But,  according  to  Mayer  (8),  Loewi's  all-important 
supposition  that  a  dog  at  the  height  of  phloridzin  diabetes,  with  other- 
wise normal  food,  wiU  be  free  from  glycogen,  is  controvertible.  Mayer 
has  furnished  experimental  evidence  that,  in  the  organism,  glycuronic 
acid  can  originate  from  grape-sugar.  He  showed  that  rabbits,  by  being 
kept  from  food  for  ten  or  twelve  days,  are  practically  free  from  glycogen, 
and  that  if  camphor  is  then  administered,  only  an  extremely  small  amount 
of  glycuronic  acid  is  produced ;  but  the  administration  of  grape-sugar 
at  once  determines  the  excretion  of  an  amount  of  glycuronic  acid  equal 
to  that  which  exbted  before  the  deprivation  of  food.  Hildebrandt  has 
furnished  further  evidence  of  the  formation  of  glycuronic  acid  from 
glucose  (8).  The  poisonous  thymotinpiperidide  becomes  harmless  when 
conjugated  with  glycuronic  acid,  but  the  systemic  hexoses  beyond  the 
glycogen  stage,  which  are  being  transformed  into  grape-sugar,  are  alone 
capable  of  effecting  this ;  the  non-glycogen  type  does  not  possess  the 
power. 

Nevertheless,  the  formation  of  glycuronic  acid  out  of  protein  is  by  no 
means  excluded,  nor  yet  from  fat ;  but  as  it  is  di£SouIt  to  eliminate  the 
direct  formation  of  glycuronic  acid  or  its  secondary  development  from 
previously  existing  grape-sugar,  Mayer  justly  contends  that  the  question 
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of  glyouronio  acid  formation  from  theee  subBtanoes  is  practically  included 
in  the  broader  question  of  the  formation  of  sugar  out  of  fat  and  protein. 

The  supposed  transference  of  the  gluooside  into  conjugated  gly- 
curonic  acid  has  not,  so  far,  been  proved,  either  chemically  or  physio- 
logically. Experiments  on  animals  in  view  of  this  have  been  made  with 
a-methylglucoside  by  Brahm,  with  /9.methy]glucoside  by  Munch,  and 
with  /S-phenolglucoside  by  Falck  (9).  But  with  the  substances  named 
even  an  indubitable  positive  result  would  prove  nothing,  as  these  gluco- 
sides  would  probably  be  first  of  all  spUt  up,  and  an  excretion  of  glycuronic 
acid  would  result  from  the  conjugates  thus  set  free.  Mayer's  attempts, 
also,  with  ferment  cleavage  of  glucose-chloralide  and  glucose-ethylmer- 
captal  have  yielded  no  decisive  result. 


6.  Where  the  Conjugation  ot  Olycnronic  Add  takes  plaee. 

Nothing  certain  is  known  as  to  the  place  in  which  the  conjugation  of 
glycuronic  acid  occurs.  Embden  and  Glassner  (10)  have  shown  that  the 
production  of  ether-sulphuric  acid  may  take  place  in  the  Uver,  where,  by 
analogy,  Embden  also  transfers  the  conjugation  of  glycuronic  acid. 
Neuberg  considers  that  the  evidence  in  favour  of  this  view  is  insufficient. 
Moreover,  Pick  (10)  has  shown  that  the  part  played  by  the  liver  in  the 
physiological  sjmthesis  of  glycuronic  acid  cannot  be  important,  since 
operative  injuries  affecting  the  liver  function  which  in  a  short  time 
lead  to  deatii  have  no  influence  on  the  excretion  of  glycuronic  acid. 
Similarly,  SBthylendiamine,  which  produces  symptoms  resembling  those 
of  arsenical  poisoning,  especially  as  r^ards  the  liver,  does  not,  according 
to  Pohl's  experiments,  in  the  least  affect  the  qnithesLs  of  phenol-glycuronic 
acid  after  the  administration  of  phenol.  On  the  contrary,  after  adminis- 
tration of  amyl  alcohol  and  chloral  hydrate,  the  formation  of  the  equiva- 
lent amount  of  conjugated  glycuronic  acid  is  markedly  diminished,  and 
in  the  case  of  euxanthone  is  absolutely  arrested.  On  the  other  hand, 
Weintraud  (10)  found  after  extirpation  of  the  pancreas,  as  also  in  the 
severest  cases  of  diabetes  in  men  and  animals,  that  the  formation  of 
glycuronic  acid  was  not  altered  by  the  administration  of  camphor,  chloral 
hydrate,  and  a-naphthol.  It  may  be  inferred  from  these  data  that,  as 
is  the  case  in  the  sjnithesis  of  hippuric  acid,  the  formation  of  glycuronic 
acid  takes  place  in  various  parts  of  the  organism. 


7.  The  Behaviour  ot  Free  and  Conjugated  Olyenronie  Acid  In  the 

Organism. 

The  researches  made  by  Mayer  with  free  glycuronic  acid  are  im- 
portant for  the  explanation  of  the  physiological  part  played  by  the 
acid  (8).  The  fate  of  the  acid  and  the  results  produced  may  be  very 
various.  After  administration  of  about  19  grammes  of  sodium  glycu- 
ronate  to  a  rabbit,  the  urine  in  twelve  hours  contained  a  considerably 
increased  amount  of  oxalic  acid — 0-0096  to  0-014  gramme — ^whilst  in 
the  normal  rabbit  only  traces  of  from  0*0006  to  0*(X)09  gramme  were 
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excreted  daily.  It  is  noteworthy  that  the  liver  after  saoh  large  doses 
contained  a  considerable  amount  of  oxalic  acid  (0-05  to  0-08  gramme), 
the  normal  liver  containing  none.  Outside  the  body  the  still  vital  liver 
is  also  capable  of  forming  oxalic  acid  out  of  glycuronic  acid.  Along  with 
oxalnria,  glycosuria  often  occurs  after  large  doses  of  unconjugated 
glycuronic  acid.  According  to  Mayer,  this  is  probably  indicative  of 
an  acid  glycosuria,  as,  although  a  retrograde  change  of  glycuronic  acid 
into  grape-sugar  is  theoretically  possible,  no  evidence  of  its  occurrence 
has  yet  been  produced.  Kiilz,  however,  states  that  glycuronic  acid  is 
ft  glycogen  former  (11). 

When  the  amount  of  glycuronic  acid  administered  is  sufficiently  large 
(especially  when  it  is  administered  subcutaneously),  a  portion  of  it  escapes 
oxidation,  and  appears  in  the  urine,  partly  in  the  free  and  partly  in  the 
conjugated  state.  In  the  latter  case,  however,  the  normal  conjugates 
of  glycuronic  acid — ^phenol  and  indoxyl — are  not  increased,  but  the 
ether  sulphates  are  correspondingly  diminished.  From  this,  and  from 
the  previously  mentioned  researches  of  Falck  (9),  it  is  plain  that  glycu- 
ronic acid  and  sulphuric  acid  can  act  vicariously  the  one  for  the  other, 
and  that  when  a  sufficiency  of  glycuronic  acid  is  present,  the  formation 
of  ether*sulphurio  acid  is  considerably  suppressed. 

The  conjugated  glycuronic  acids,  so  far  as  is  at  present  known, 
undergo  no  change  in  the  organism.  Kiilz  (11)  found  that  phenol- 
glycuronic  acid  was  excreted  unchanged,  no  damage  being  caused  by  the 
conjugated  phenol.    Urochloral  acid  behaved  itself  similarly. 


8.  Pathological  Excretion  ot  Glyeuronic  Add,  and  Its  Relation  to  other 
Derangements  ot  Carbohydrate  Metabolism— Theory  ot  Ineomplete 
Sugar  Oxidation. 

The  chief  biological  importance  of  glycuronic  acid  doubtless  lies  in 
its  antidotal  properties.  The  conjugation  of  the  acid  constitutes  a  unique 
chemical  means  of  protecting  the  organism  from  the  action  of  certain 
autogenous  poisons.  An  obvious  example  of  this  antidotal  function  is 
seen  in  the  normal  occurrence  of  conjugated  glycuronic  acid  in  the  urine, 
owing  to  the  formation  of  small  amounts  of  indoxyl  and  phenol  in  the 
intestinal  tract. 

Of  late  years,  especially  smce  Mayer's  researches  directed  attention 
to  this  point,  a  number  of  cases  have  been  recorded  in  which  a  con- 
siderably increased  excretion  of  glycuronic  acid  occurred  without  the 
introduction  of  substances  which  are  known  to  produce  it.  The  explana- 
tion  of  this  is  clear  :  the  excess  of  glycuronic  acid  is  due  to  increased  pro- 
duction of  the  conjugates  phenol  and  indoxyl.  Recent  researches  show 
that  the  older  view,  which  assumes  an  almost  universal  conjugation  of 
these  aromatic  substances  with  sulphuric  acid,  requires  modification ; 
they  also  conjugate  with  glycuronic  acid,  especially  when  they  are 
developed  in  great  excess,  as  in  obstruction  of  the  bowels,  in  ileus,  and 
when  collections  of  pus  are  formed. 

It  is  more  difficult  to  account  for  an  increase  in  the  excretion  of 


734  THE  PATHOLOGY  OF  METABOLISM 

glycuronic  aoid  when  there  is  no  inoreaae  in  the  output  of  indoxyl  and 
phenol,  and  in  the  absence  of  any  known  Bubetance  introduced  from  with- 
out with  which  the  acid  could  conjugate.  TruBtworthy  obeervationB 
of  increased  excretion  of  glycuronic  acid  have  been  recorded  by  Mayer  (8), 
occurring  in  diabetes  mellitus,  in  severe  disturbances  of  the  circulation 
and  respiration,  in  poisoning  by  carbon  monoxide  and  curare,  and  also 
after  the  administration  of  very  large  amounts  of  grape-sugar  to  both 
men  and  animals.  Li  some  instances  Mayer  observed  a  considerable 
decrease  in  the  ether  sulphates  which  corresponded  to  the  excess  of 
glycuronic  acid.  Li  one  very  striking  case  of  cocaine-poisoning  in  which 
there  was  severe  dyspnoea,  Wohlgemuth  (12)  found  that  the  total  aromatic 
bodies  in  the  urine  were  not  increased,  and  that  the  glycuronic  acid  was 
conjugated  with  a  mixture  of  phenol  and  cresol.  In  these  cases  Mayer 
assumes  that  the  glycuronic  acid  formation  is  the  first  step,  and  that  it 
results  in  a  diminished  production  of  ether-sulphuric  acid,  the  condition 
being  due  to  incomplete  oxidation  of  grape-sugar.  The  hypothesis 
advanced  is  that  part  of  the  glucose  molecule,  after  cleavage,  passes  by 
way  of  glycuronic  acid  into  oxalic  acid. 

In  support  of  the  theory  of  incomplete  sugar  oxidation  Mayer  advances 
the  following  data,  which,  at  any  rate,  point  to  a  close  relationship 
between  glycosuria  and  the  excretion  of  glycuronic  acid :  (1)  After  the 
administration  of  such  amounts  of  glucose  as  are  beyond  the  assimila- 
tion limit,  there  occurs  occasionally  an  excretion  of  glycuronic  acid, 
with  an  equivalent  diminution  of  ether-sulphuric  acid.  (2)  After  the 
administration  of  chloral  hydrate,  morphine,  and  nitrobenzol,  some- 
times glucose,  and  at  others  conjugated  glycuronic  acid,  is  present  in  the 
urine  [Naunyn  (12)] ;  and  G.  Hoppe-Seyler  (12)  found  that  in  some 
animals  o-nitrophenylpropiolic  acid  produced  an  excretion  of  glucose, 
and  in  others  the  formation  of  indoxylglycuronic  acid.  (3)  In  diabetes, 
oxaluria  and  the  excretion  of  glycuronic  acid  by  no  means  infrequently 
accompany  each  other.  (4)  An  example  is  forthcoming  of  progressive 
cleavage  of  the  glucose  molecule  within  the  organism  in  the  transforma- 
tion of  d-glycuronic  acid  into  (i-saccharic  acid,  thus  : 

OOOH— (GH.0H)4--CH,0H >  OOOH— (CH.0H)4--000H, 

which,  both  chemically  and  by  formula,  strictly  corresponds  with  the 
transformation  of  glucose  into  glycuronic  acid,  tixus  : 

COH-{C5H.OH)4— CH,OH >  COH— (CH.0H)4— COOH. 

In  both  instances  the  reaction  consists  in  a  biochemical  change  of 
the  primary  alcohol  group  CH^OH  into  a  carboxyl  group,  OOOH. 

This  hypothesis,  accepted  by  some,  has  been  severely  criticised  by 
Bial  (3)  and  Lewin  (13) ;  but  the  objections  raised  do  not  affect  the 
fundamental  principle  of  the  theory.  Bial  asserts  that  the  irregularity 
in  the  amount  of  glycuronic  acid  excretion  is  accounted  for  by  the  varying 
resistance  to  cleavage  displayed  by  the  conjugated  acids,  by  which  the 
mode  of  their  excretion  is  determined — sometimes  in  the  urine  and  some- 
times in  the  faeces.    This,  however,  has  not  been  proved.    Lewin's 
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objection  that  the  oxaluria  in  diabetes  caoaes  an  increase  in  protein 
metabolism,  with  a  resulting  increase  of  aromatic  conjugates,  especially 
of  phenol  and  indol,  has  been  disputed  on  general  grounds  by  Jaff^  (13) ; 
and  EDinger  rejects  it  under  the  conditions  involved,  inasmuch  as  the 
mode  in  which  Lewin  assumes  the  development  of  phenol  and  indol  has 
no  existence. 

On  the  other  hand,  it  is  to  be  clearly  understood  that  Mayer  has 
advanced  no  proof  of  the  correctness  of  his  theory.  It  is  simply  a  deduction 
from  facts  observed  by  him,  for  which  an  entirely  diff erait  explanation  may 
possibly  be  found.  This  applies  especially  to  all  those  cases  of  increased 
glycuionic  acid  excretion  in  which  the  nature  of  the  conjugate  is  not 
known.  In  many  of  these  cases  it  is  possible  that  urea  may  be  the  conju- 
gate of  glycuronic  acid,  as  Neuberg  and  Neimann  (6)  have  artificiaJly 
produced  ureidoglycuronic  acid,  and  have  found  a  conjugated  glycuronic 
acid  which  is  in  many  respects  similar.  In  other  instances  a  conjugate 
as  yet  unknown  may  be  present,  which  would  lead  to  a  different  interpre- 
tation of  the  conditions  under  discussion.  Equally  uncertain  is  the 
interpretati<Hi  of  the  glycuronic  acid  excretion  after  fractures  of  bones  and 
injuries  to  muscular  tissues,  and  also  after  severe  contusions.  Cad^ac 
ai^  Maignon  (13)  have  made  observations  on  such  cases,  in  which  for  the 
most  part  the  excretion  of  glycuronic  acid  was  accompanied  by  glyco- 
suria. No  statements  are  forthcoming  as  to  the  nature  of  the  glycuronic 
acid  conjugates. 

In  clinical  practice  the  questions  of  the  highest  importance  are  as  to 
whether  the  excretion  of  glycuronic  acid  is  of  diagnostic  value,  and  especi- 
ally whether  it  is  of  prognostic  signification  in  diabetes.  Mayer  has  pointed 
out  the  possibility  that  in  otherwise  healthy  individuals  an  increased 
output  of  glycuronic  acid  without  recognisable  cause,  and  in  the  absence  of 
any  increase  in  aromatic  conjugates,  may  possibly  be  indicative  of  the 
advent  of  diabetes.  The  material  to  hand,  however,  is  insufficient  to 
determine  this  question;  it  would  be  a  great  mistake  to  label  every 
patient  with  occasional  increase  in  glycuronic  acid  excretion  as  a  future 
diabetic.  Still,  there  are  numerous  cases  of  glycuronic  acid  excretion 
which  are  of  a  distinctly  pathological  character,  inasmuch  as  they  show 
clinical  features  of  various  kinds ;  the  increased  excretion  of  glycuronic 
add,  however,  does  not  clinically  constitute  the  original  derangement 
which  determines  the  other  deviations  from  health.  The  uncertainty  of 
the  etiology  and  the  protean  form  of  the  appearances  at  present  forbid 
any  recourse  to  symptomatic  treatment ;  the  import  of  glycuronic  acid 
excretion  is  being  investigated  on  aU  sides.  See  also  p.  677  ei  seq.  of  this 
volume. 


9.  The  Diagnosis  ot  Glycuronic  Add  Excretion. 

The  recognition  of  glycuronic  acid  is  founded  on  the  following  pro- 
perties common  to  almost  all  conjugated  glycuronic  acids.  The  fresh 
urine  is  distinctly  Isevorotatory,  but  is  wanting  in  reducing  power  and  in 
the  capacity  to  undergo  fermentation.  After  being  boiled  with  a  little 
6  par  cent,  sulphuric  acid  for  from  a  quarter  to  three-quarters  of  an  hour, 
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the  Isevoiotation  is  changed  to  deztro-rotation,  and  coincidently  the  urine 
acquires  strong  reducing  powers  ;  a  positive  reaction  is  also  given  with 
ToUen's  orcin  test.  Instances  occur,  however,  in  which  reducing  power 
and  reaction  to  the  orcin  test  are  present  before  cleavage.  It  may  also 
occur  that  the  urine,  which  is  IsBVorotatory  before  cleavage,  is  optically 
inactive  after  cleavage,  or  even  remains  Isevorotatory ;  this  is  when  the 
conjugate  itself  is  Isevorotatory,  or  the  hydrolysis  has  not  been  fully  carried 
out. 
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BesideB  ordinary  diabetes,  Uevulosuria,  pentosuria,  and  glycuronio  acid 
excretion,  we  know  of  no  anomalies  of  carbohydrate  metabolism  in  which 
monosaccharides  are  excreted.  Possibly  galactose  constitutes  an  excep- 
tion ;  but  as  galactosuria  stands  in  such  close  relation  to  milk-sugar 
excretion,  and  is  dependent  upon  it,  it  will  be  best  described  along  with 
lactosuria.  We  have  just  as  little  certain  knowledge  concerning  anomalies 
of  carbohydrate  metabolism  in  which  the  higher  polysaccharides  appear 
in  the  urine.  On  the  other  hand,  carbohydrate  urines  exist  in  which 
disaccharides  appear ;  these,  in  part,  have  been  weU  studied. 


IV.— LACTOSURIA. 

1.  Spontaneous  Excretion  ot  Milk-sugar. 

This  only  occurs  in  females,  and  it  stands  in  the  closest  relationship 
with  the  changes  in  metabolism  during  gestation.  Blot  (1)  was  the  first 
to  observe  the  presence  of  a  peculiar  carbohydrate  in  the  urine  of  par- 
turient women  ;  the  nature  of  the  carbohydrate  was  subsequently  deter- 
mined by  Hofmeister  (2)  and  EaltenbcKsh  (3).  Claude  Bernard  had  pre- 
viously expressed  the  opinion  that  the  lactosuria  was  due  to  irregularities 
of  lactation ;  this  view  was  more  fully  expressed  by  Fehling  and  Hof- 
meister. 

Lactosuria  is  usually  first  observed  a  few  days  after  delivery  ;  occa- 
sionally, however,  it  occurs  during  the  latter  days  of  gestation  [Ney  (4), 
Lemaire  (6),  Porcher  (6)].  The  last-named  observer  made  a  number  of 
careful  investigations  concerning  the  excretion  of  milk-sugar  by  domestic 
animals.  Leblanc  and  Guillot  (7)  have  shown  that  in  the  cow,  and  to 
some  extent  in  the  mare,  lactosuria  occurs  before  the  commencement  of 
the  puerperitmi,  and  that  after  the  establishment  of  lactation  the  excretion 
of  milk-sugar  diminishes  and  finally  ceases.  Ney  found  milk-sugar  in  the 
urine  of  77*7  per  cent,  of  parturient  women,  but  only  in  16  per  cent,  of 
pregnant  women.    According  to  Naunyn,  the  amount  of   milk-sugar 
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excreted  by  parturient  women  equah  from  2  to  3  per  cent.  Porcher  (8) 
gives  it  as  4  per  cent.  McCann  (9)  puts  the  average  at  0*36  per  cent,  for 
the  fourth  and  fifth  days  of  the  puerperium. 

This  gestation-lactosuria  is  a  very  frequent  accompaniment  of  the 
gravid  state,  but  it  is  not  a  pathological  phenomenon ;  the  conditions 
which  lead  to  its  occurrence  are  easily  recognisable.  Numerous  writers 
have  unanimously  decided  that  milk-sugar  introduced  into  the  system 
without  reaching  the  intestines  is  almost  entirely  excreted  in  the  urine, 
as  neither  the  tissues  nor  the  blood  possess  the  power  of  hydrolyzing  it. 
Li  all  kinds  of  lacteal  engorgement,  lactose,  as  a  secretion  of  the  breasts, 
escapes  from  the  milk-ducts  into  the  general  circulation,  and  thence  passes 
into  the  urine.  Camerer  and  Soldner  (10)  found  that  the  colostrum 
contains  a  considerable  amount  of  lactose  (1-73  to  4-07  per  cent.),  so  that 
by  absorption  of  plentifuUy  formed  colostrum  milk-sugar  may  be  excreted 
before  labour ;  the  much  commoner  lactosuria  during  the  early  days  of 
childbirth  is  accounted  for  by  insufficient  withdrawal  of  the  milk  by  the 
infant.  Li  fact,  when  suckling  is  interrupted,  the  amount  of  milk-sugar 
in  the  mother's  urine  is  often  materially  increased ;  and  the  lactosuria  in 
women  who  suckle  their  children  is  less  than  in  those  who  do  not.  Ac- 
cording to  Ney,  milk-sugar  is  constantly  present  long  after  confinement  in 
the  urine  of  women  whose  secretion  of  milk  considerably  exceeds  the 
infant's  demand.  Pavy  (11)  states  that  after  many  months'  suckling,  if 
the  infant  is  suddenly  weaned,  lactosuria  occurs. 


2.  Alimentary  Laetosurla. 

Artificial  lactosuria  iff  easily  produced,  on  account  of  the  low  assimila- 
tion limit  for  milk-sugar ;  for  the  pi^esent  purpose,  however,  only  those  cases 
of  milk-sugar  excretion  are  of  interest  which  partake  of  the  nature  of 
anomalous  metabolism.  M6hu  (12)  was  the  first  to  observe  that  patients, 
after  prolonged  and  copious  use  of  milk,  excrete  lactose ;  and  Grdss  (13) 
made  the  first  trustworthy  statements  concerning  the  presence  of  milk- 
sugar  in  the  urine  of  breast-nourished  infants  with  gastro-intestinal 
diseases.  Langstein  and  Steinitz  have  recently  undertaken  more  exact 
researches  on  this  condition  (14)  (see  p.  56).  In  fourteen  cases  of  severe 
nutritional  disturbances  occasioned  by  gastro-intestinal  diseases  the 
presence  of  milk-sugar  in  the  suckling  infants'  urine  was  revealed  by  its 
characteristic  osazon.  So  far,  the  amount  of  the  excreted  sugar  has  not 
been  determined,  but  it  was  ascertained  that  in  five  cases  it  was  accom- 
panied by  a  second  carbohydrate — ^galactose.  Lactosazon  may  be  dis- 
tinguished from  galactoazon  and  glucosazon  by  its  ready  solubility  in  hot 
water. 

Li  gravid  lactosuria  the  milk-sugar,  without  reaching  the  bowels, 
passes  into  the  circulation  ;  it  is  otherwise  with  the  lactose  excretion  of  the 
suckling,  in  whom  it  is  absorbed  from  the  digestive  tract.  By  special 
researches,  Langstein  and  Steinitz  have  proved  that  this  excretion  is  not 
due  to  failure  of  the  normal  enzyme,  lactase,  which  is  especially  produced 
in  the  jejunum,  but  to  an  unknown  derangement  of  the  cKstivity  of  the 
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lactase,  which  renders  it  incapable  of  splitting  up  the  whole  of  the  milk- 
sugar,  the  remainder  being  absorbed  unchanged.  On  account  of  the 
absence  of  a  hydrolyzing  enzyme  in  the  systemic  juices,  this  remainder  of 
unaltered  milk-sugar  is  excreted  as  such.  From  tiie  portion  which  is  split 
up  in  the  bowel,  the  resulting  easUy  assimilable  glucose  is  utilized  by  the 
organism  ;  the  other  component,  galactose,  on  account  of  its  much  lower 
assimilation  limit,  partly  escapes  by  the  kidneys.  Thus  it  is  that 
lactosuria  is  accompanied  by  the  excretion  of  galactose.  TUs  explana- 
tion is  partly  founded  on  the  researches  on  animals  made  by  Luzzatto  (16), 
who,  after  feeding  a  dog  copiously  with  milk-sugar,  was  able,  by  inter- 
posing special  conditions,  to  procure  the  excretion  of  the  galactose  com- 
ponent atone. 

Parturient  women  are  characteristically  affected  by  milk-sugar  ad- 
ministered by  the  mouth ;  thus,  after  taking  100  grammes  each  of  lactose 
eleven  out  of  thirteen  excreted  appreciable  amounts  in  the  urine ;  whilst 
with  non-pregnant  women  the  same  treatment  only  exceptionally  pro- 
duced alimentary  lactosuria  [Zulzer  (16)].  C.  von  Noorden  (17)  describes 
like  results  with  only  60  grammes  of  lactose.  Indicative  of  the  close  rela- 
tion that  exists  between  the  gravid  state  and  the  excretion  of  milk-sugar 
are  some  further  observations  of  von  Noorden  and  Ziilzer,  which  tend  to 
show  that  during  gestation  lactose  can  be  directly  elicited  from  the 
organism  by  other  easily  assimilable  carbohydrates.  Magnus-Levy  puts 
a  different  construction  on  this  occurrence.  Hess  made  similar  observa- 
tions to  those  of  von  Noorden  on  parturient  women.  With  five  out  of 
sixteen  parturient  women  it  was  found,  after  the  administration  of 
160  grammes  of  grape-sugar,  that  lactose  appeared  in  the  urine ;  a  like 
reaction  occurred  in  women  who  had  aborted  or  had  miscarried.  There- 
fore, before  the  secretion  of  milk  occurs  in  the  mammary  glands,  it 
appears  that  there  is  a  distinct  tendency  on  the  part  of  the  oigamsm  to 
secrete  milk-sugar.  In  a  certain  sense  it  is  true  that  puerperal  lactosuria 
may  be  regarded  as  an  auto-alimentary  lactosuria ;  but  from  the  real 
alimentary  lactosuria  it  may  be  easily  differentiated  by  the  extreme 
readiness  with  which  it  can  be  induced.  The  difference  is  very  obvious 
when  the  amount  of  milk-sugar  in  women's  milk  is  considered  ;  according 
to  Heubner,  it  averages  from  6  to  7  per  cent.,  and  colostrum  only  contains 
from  2  to  4  per  cent.  In  relation  to  tiiis,  von  Noorden  has  suggested  the 
hypothesis  that  during  lactation  the  organism,  in  a  certain  degree,  has  lost 
the  capacity  to  split  up  milk-sugar,  an  arrangement  which  is  in  favour 
of  the  infant. 

For  a  long  time  it  has  been  supposed  that  the  formation  of  milk  is 
due  to  a  stimulation  which  emanates  from  the  developing  ovum,  and 
Hildebrandt  (18)  has  endeavoured  chemically  to  explain  this  view.  Pos- 
sibly it  is  not  too  daring  to  assume  that  among  the  reactions  which  occur 
in  the  woman's  organism  after  conception  may  be  numbered  the  produc- 
tion of  an  antiferment  to  lactase ;  or,  foUowing  Weinland's  interesting 
researches,  to  assume  the  opposite  occurrence — ^the  inhibitum  of  an  exist- 
ing enzyme. 
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3.  The  Diagnosis  of  Laetosuria. 

The  occurrence  of  lactosnria  is  assumed  when  the  urine  is  found  to 
possess  reducing  properties  and  optical  activity  (dextro-rotation),  but  is 
incapable  of  fermenting  with  ordinary  yeast  within  twelve  hours.  After 
the  urine  is  boiled  for  about  an  hour,  with  2  to  5  per  cent,  of  sulphuric 
acid,  and  neutralized,  the  milk-sugar  is  hydrolyzed  into  galactose  and  grape- 
sugar,  so  that  the  optical  activity  of  the  resulting  solution  is  increased, 
and  it  is  now  capable  of  undergoing  fermentation.  The  osazon  of  milk- 
sugar  is  also  characteristic.  Differing  from  the  corresponding  combina- 
tions of  the  ordinaiy  hexoses,  it  is  soluble  in  hot  water  ;  its  melting-point 
is  198°  C.  to  200°  C.  It  is  easily  distinguished  from  the  somewhat  similar 
maltosazone  by  its  want  of  optical  activity  when  dissolved  in  a  solution 
of  alcohol  and  pyridine. 
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v.— MALTOSURIA. 

The  occurrence  of  maltose  among  the  products  of  human  metabolism 
is  by  no  means  astonishing,  seeing  that  it  plays  an  important  role  as  an 
intermediate  product  in  the  conversion  of  glycogen  and  starch  into  sugar, 
and  that  is  is  also  closely  allied  to  glucose.  Notwithstanding  this, 
genuine  oases  of  true  maltosuria  are  rarely  met  with. 
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L^ine  and  Boulud  (1)  ocoaedonally  found  small  quantities  of  maltose 
along  with  glucose  in  cases  of  diabetes.  Charrin  and  Brocard  (2)  state 
that  they  found  maltose  in  the  urine  of  puerperal  women ;  more  reliable 
are  the  cases  described  by  C.  Nobel  (3),  von  Ackeren  (4),  and  Rosenheim 
and  Flatow  (6).  These  authors  observed  maltosuria  in  diseases  of  the 
]Mincreas ;  in  interstitial  pancreatitis  Rosenheim  and  Flatow  found  from 
0-1  to  0-6  per  cent,  of  maltose.  The  results  obtained  by  L6pine  and 
Boulud  (6)  after  complete  removal  of  the  pancreas  in  dogs  show  the  part 
played  by  it  in  many  forms  of  maltosuria ;  in  a  Utre  of  the  urine  1*95  to 
3-06  gnunmes  of  maltose  were  found,  along  with  about  50  to  90  grammes 
of  grape-sugar.  The  same  authors  (7)  found  that  a  diabetic  woman  aged 
forty  years  excreted  1-93  to  2-78  per  cent,  of  maltose,  with  4  to  6  per 
cent,  of  glucose.  L6pine  also  previously  observed  a  case  of  slight 
maltosuria. 

These  statements  concerning  maltosuria  are  founded  on  the  differ- 
ences between  the  polarimetric  and  the  titration  methods  of  estimating 
the  amount  of  sugar  in  the  urine.  The  rotating  power  of  maltose  is  about 
two  and  a  half  times  greater  than  that  of  grape-sugar,  whUst  its  reducing 
power  is  only  about  two-thirds  of  it.  It  is  to  be  borne  in  mind,  however, 
that  pentose,  fructose,  lactose,  glycuronic  acid  combinations,  as  well  as  other 
optically  cKstive  substances  such  as  /9.oxybutyric  acid  and  amino-aoids, 
may  occasion  considerable  differences  between  the  reducing  and  the 
optical  properties  of  urine,  and  thus  introduce  sources  of  error  which  are 
difficult  to  avoid ;  on  this  account,  many  of  the  published  reports  of  the 
excretion  of  maltose  are  not  beyond  suspicion.  Satisfactory  proof  is 
only  obtained  by  means  of  complete  fermentation,  and  by  the  production 
of  the  characteristic  maltosazon,  which,  though  resembling  lactosazon  as 
regards  solubility,  is  easily  distinguished  by  its  optical  powers.  Obviously 
the  difficulty  of  determining  the  occurrence  of  maltose  in  urine  is  pro- 
portional to  the  amount  that  is  present ;  an  absolutely  certain  diagnosis 
is  only  possible  when  the  quantity  of  maltose  is  sufficiently  large  to 
eliminate  experimental  error. 

The  following  well-marked  case  of  maltosuria,  investigated  by  Magnus- 
Levy  in  the  Strasburg  Clinic,  was  privately  communicated  by  him.  The 
urine  yielded  a  considerable  excess  of  rotation  when  compared  with  its  re- 
ducing power.  After  inversion  with  dilute  acid,  by  which  each  molecule 
of  maltose  was  converted  into  two  molecules  of  grape-sugar,  the  rotation 
diminished  and  the  reduction  increased,  so  that  the  polarimetric  and  the 
titration  methods  afforded  concordant  results.  Calculations  founded  on 
the  determinations  thus  obtained  showed  that  1*5  per  cent,  of  maltose 
and  about  2  per  cent,  of  glucose  were  present.  The  evidence  thus  ob- 
tained was  corroborated  by  the  urine  undergoing  complete  fermentation, 
with  synchronous  loss  of  optical  activity  and  of  reducing  power.  This 
condition  was  observed  on  two  consecutive  days.  The  case  is  remarkable 
on  account  of  the  large  amount  of  maltose  excreted,  which  exceeds  all 
previous  records  ;  for  this  reason  (although  no  osason  was  obtained)  the 
observation  is  more  reliable  than  other  records. 
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VI.— THE  EXCRETION  OF  CANE-SUGAR  AND  OF 
ISOMALTOSE. 

Under  ordinary  dietetic  conditions,  alimentary  saccharosuria  only 
exceptionally  occurs,  on  cKscount  of  the  high  assimilation  limit  of  cane- 
sugar.  Spontaneous  excretion  of  cane-sugar  has  never  been  actually 
proved.  Seeing  that  IsBvulose  occurs  in  the  organism  without  being  intro- 
duced along  with  food,  the  a  priori  possibility  of  a  sjmthetic  formation  of 
cane-sugar  in  the  body  analogous  to  that  which  occurs  in  plants  cannot 
be  denied ;  indeed,  according  to  Lupine  and  Boulud  (1),  it  occasionally 
occurs  in  the  blood  of  dogs,  especially  after  extirpation  of  the  pancreas. 

By  condensation  of  grape-sugar,  E.  Fischer  obtained  the  disaccharide 
isomaltose,  but  its  occurrence  under  natural  conditions  has  not  yet  been 
determined  with  certainty.  According  to  Baisch  (2),  Lemaire  (3),  Rein- 
bold  (4),  Porcher  (6),  and  Pavy  and  Siau  (6),  isomaltose  occurs  in  normal 
urine ;  and,  cKscording  to  Rosin  and  Alfthan  (7),  in  diabetic  urine  also. 
Salkowski  (8)  and  Mayer  (9)  believe  that  in  many  instances  errors  of  inter- 
pretation have  been  made,  especially  in  relation  to  glycuronic  acid.  No 
instance  of  pathological  isomaltosuria  has  yet  been  recorded.  Cremer 
(10)  alludes  to  the  possibility  of  an  alimentary  isomaltosuria. 
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vn.— mosiTURiA. 

For  many  years  it  has  been  known  that  inosite  does  not  belong  to  the 
carbohydrate  group,  but  that  it  is  a  member  of  the  aromatic  series,  being 
a  hexaozy-hexahydrobenzol — CeHj(OH)^  (hexahydroxymethylene).  The 
original  idea,  founded  on  the  isomerism  of  inosite  with  grape-sugar,  was 
to  regard  inosituria  as  an  anomaly  of  carbohydrate  metabolism.  This 
lacks  chemical  foundation,  but  the  part  which  inosite  plays  in  natural 
phenomena,  its  diffusion  and  its  frequent  occurrence  in  animals  and 
plants  alongside  sugar,  indicate  interchangeable  relations  in  metabolism. 
A  chemical  relation  of  inosite  to  the  hezoseft  has  frequently  been  assumed, 
by  which,  under  certain  conditions,  the  open,  acyclic  chain  of  sugar, 
by  intramolecular  aldol-condensation,  passes  over  into  the  cyclic  form 
of  the  isomer  inosite  : 

CH.OH— CH.OH-OOH  CH.OH— CH.OH-CH.OH. 

I  >        I  I 

CH.OH— CH.OH— CHjOH  CH.OH— CH.OH— CH.OH 

In  small  amount  inosite  enters  into  the  composition  of  almost  all 
animal  tissues,  and,  so  far  as  is  known,  it  only  occurs  in  the  optically 
inactive  form  of  meso-inosite  (corresponding  to  meso-tartaric  acid).  In 
the  vegetable  world  optically  active  forms  of  inosite  also  occur. 

On  account  of  the  widespread  occurrence  of  inosite,  small  amounts 
are  frequently  found  in  the  urine  [Hoppe-Seyler  (1)].  Nothing  is  known 
as  to  the  extent  of  this  physiological  inosituria.  According  to  Kiilz, 
however,  it  is  very  doubtful  if  normal  urine  contains  inosite ;  it  only 
appears  after  copious  intake  of  water.  This  type  of  inosituria,  found  by 
Strauss  (3)  and  Kiik  (4)  in  diabetes  insipidus,  efter  the  ingestion  of  large 
amounts  of  water,  in  granular  kidney,  etc.,  appears  to  be  simply  caused 
by  the  flushing  of  inosite  out  of  the  organism. 

As  regards  spontaneous  chronic  inosituria,  there  is  an  old  statement  by 
Vohl  (6)  of  a  case  of  diabetes  in  which  glycosuria  was  replaced  by  inosi- 
turia ;  the  daily  output  of  inosite  reached  18  to  20  grammes.  On  the 
other  hand,  the  administration  of  inosite  did  not  increase  a  glycosuria 
[Kiilz].  The  statements  of  Gallois  (6)  and  of  Kiilz  (2)  point  to  a  relation 
between  diabetes  and  inosituria ;  the  latter  was  observed  in  cases  of 
glycosuria  associated  with  albuminuria. 

Alimentary  inosituria  can  be  produced  in  human  beings  by  the  ad- 
ministration of  inosite,  but  it  is  only  of  a  mild  type ;  after  giving  from 
30  to  60  grammes,  Kiilz  found  only  0*76  to  0*96  per  cent,  of  it  in  the  urine. 
Inosite,  therefore,  belongs  to  those  substances  which  are  capable  of  being 
almost  entirely  destroyed  in  the  system,  so  that  the  small  amounts  of 
inosite  in  food  are  without  influence  on  cases  either  of  glycosuria  or  of 
inosituria. 

The  clinical  significance  of  the  excretion  of  inosite  is  quite  unknown. 
There  are  some  grounds  for  believing  that  in  many  respects  inosite 
resembles  extractives,  and  that  the  inosituria  of  diabetics  is  also  due  to 
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copious   flushing  out   of   the   tissues   detennined   by  some   unknown 
stimulus. 

The  recognition  of  inosite  is  accomplished  by  testing  the  isolated  sub- 
stance with  the  reactions  of  Scherer,  Gallois,  Seidel,  and  Maquenne. 
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CHAPTER  V 

DISEASES  OF  THE  SKDf 

Bt  HUGO  SALOMON  and  CABL  yon  NOOBDEN. 
Translation,  with  Additions,  bt  J.  A.  Nixon,  B.A.,  M.B.,  M.B.G.P. 

Thb  pathology  of  skin  disease  has  always  embraced  a  much  wider  field 
than  the  mere  study  of  the  local  lesion.  An  intimate  connection  between 
the  skin  and  the  body  as  a  whole  was  recognised  long  ago,  for  the  fre- 
quent occurrence  of  a  general  erythema  after  the  ingestion  of  some 
particular  food  or  drug  could  not  fail  to  attract  notice.  In  fact,  the 
skin  was  supposed  to  have  the  attribute  of  "  drawing  out "  certain 
diseases,  a  property  much  traded  ux)on  in  the  older  systems  of  thera- 
peutic art ;  while — ^in  England,  at  least — ^the  fear  of  a  cutaneous  eruption 
*'  striking  inwards  "  is,  in  the  popular  mind,  by  no  means  extinct. 

Moreover,  the  acute  exanthems  and  sin8Jl-x>ox — ^the  dread  scourge 
of  the  Middle  Ages — ^were  only  too  well  known  by  their  constitutional 
effects.  Small  wonder,  then,  if  the  physicians  of  former  days  sometimes 
shot  far  beyond  the  mark,  and  saw  in  the  itch  ("  psora  ")  a  cause  for  every 
malady.  Our  modem  ideas  can  still  provide  many  a  parallel  to  the  older 
views,  and  this  will,  to  some  extent,  affect  the  scope  of  our  work,  since 
here,  rather  more,  perhaps,  than  in  other  departments  of  the  pathology 
of  metabolism,  we  shall  not  only  have  to  consider  and  discuss  the 
position  of  our  exact  knowledge,  but  must  include  many  clinical  facts, 
hypotheses,  and  theories. 

Unfortunately,  the  sum  total  of  available  scientific  information  forms 
as  yet  too  slender  an  array  to  oust  from  their  ill-gotten  eminence  the 
several  tendencies,  diatheses,  and  -isms  that  now  reign  supreme  in  der- 
matology. 


I.— INFLUENCE  OF  SKIN  DISEASES  ON  NUTRITION  AND 
EXCHANGE  OF  ENERGY, 

1.  General  Effeets^-Fever. 

It  is  a  daily  experience  that  skin  diseases  can  affect  the  general 
nutrition.  This  is  seen  if  the  health  of  the  patient  is  seriously  interfered 
with  by  pain  or  fever ;  the  appetite  is  lost,  and  the  intake  is  consequently 
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diminifihed.  On  the  other  hand,  the  output  may  be  increased  by  broken 
sleep,  by  the  irritation  of  the  affected  skin,  by  scratching,  or  rest- 
lessness. A  progressive  wasting,  which  is  not  easily  arrested,  then 
results. 

Pyrexia  does  not  play  any  very  considerable  part  in  the  pathology  of 
skin  diseases,  for  the  temperature  remains  practically  normal  in  most 
of  them,  although  fever  may  be  met  with  in  many  of  the  erythematous 
and  vesicular  eruptions,  pemphigus,  dermatitis  herpetiformis,  and 
particularly  in  severe  bums,  when  there  is  a  fairly  regular  rise  of  tempera- 
ture [M.  Wilms  (1)].  Syphilis  is  quite  commonly  associated  with  a 
raised  temperature  during  the  eruptive  stage. 

In  gonorrhoea  some  French  authors  [Bouanet,  Nogu^  (2)]  have 
made  numerous  observations,  and  in  uncomplicated  cases  have  found  the 
temperature  constantly  normal.  We  have,  however,  frequently  met  with 
irregularly  raised  temperatures  even  in  uncomplicated  cases  of  gonor- 
rhoea. Every  clinical  observer  is  familiar  with  the  converse,  that  pro- 
cesses implying  profound  malnutrition — e.g.^  the  cachexia  of  phthisis  and 
carcinoma — are  reflected  in  the  state  of  the  skin,  which  loses  something 
of  its  bulk,  feels  thin  and  dry,  and  shrivels  up.  Owing  to  the  loss  of 
subcutaneous  fat,  it  becomes  more  easily  pinched  up  from  the  underlying 
structures.  Heller  (3)  has  carefully  worked  at  this  subject,  and  finds 
that  in  many  severe  diseases,  such  as  typhus,  icterus  gravis,  enteric 
fever,  pneumonia,  erysipelas,  scarlet  fever,  measles,  rheumatic  fever,  and 
even  in  febrile  epididymitis,  an  arrested  growth  of  the  nails  takes  place, 
as  shown  by  the  appearance  of  a  transverse  furrow,  just  as  the  horns  of 
a  cow  are  sometimes  marked  with  a  ring  for  each  calving. 

It  is  worth  noting  that  in  bums  subnormal  temperatures  have  been 
described  directly  after  the  accident  [Bedard,  Th.  Billroth  (4)].  As  yet 
no  definite  explanation  of  this  fact  has  been  given.  Perhaps  it  is  due  to 
some  refiex  effect  on  the  temperature  centre. 

Linser's  recent  work  on  the  subject  of  heat  regulation  (240)  is  of  great 
value,  showing,  as  it  does,  a  marked  relation  between  increased  heat 
loss  and  increased  katabolism.  In  three  cases  of  universal  skin  disease — 
eczema;  psoriasis,  and  erythrodermia  exfoliativa  —  he  demonstrated 
that  the  difference  between  the  surface  and  rectal  temperature  was  only 
1°  C,  instead  of  the  customary  3°  to  3J°  C.  of  health.  This  alteration, 
he  considers,  is  due  to  the  dilatation  of  the  capillaries  of  the  skin,  and  is 
responsible  for  an  increased  heat  loss.  Continuing  his  researches  by  an 
estimation  of  the  nitrogen  exchange,  he  found  in  the  case  of  psoriasis  and 
erythrodermia  exfoliativa  (complicated  by  pseudo-leuchsemia)  that  the 
albumin  destruction  was  markedly  decreased  by  exposure  to  a  higher 
temperature.  In  the  tables  quoted  the  fijrst  five  days  were  spent  in 
each  case  in  a  room  kept  at  a  temperature  of  16^  C.  to  18^  C,  with  the 
patients  in  bed,  and  sufficiently  covered  not  to  complain  of  the  cold. 
During  the  following  three  days  the  heat  of  the  room  was  raised  to 
26''  C.  to  30""  C.  The  diminished  heat  loss  so  obtained  probably 
accounts  for  the  altered  rate  of  nitrogen  exchange. 
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E^krnai 
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Niirogen. 

Urine 
Niiro{fen. 

FiEces 
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21 

22 
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r  20-61 

21-6 
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23-6 

230. 

■ 
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11-2 

=2-2 
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Om. 
r22-7 
23-8 
261 
25-8 
26-2 

Om. 
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0-81 

0-81  ■ 

0-73 

0-73J 

16*»C.-18*»C. 

26 
26 
27 

60-8 

26*3 

20-n 
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21-8  J 

8-1 
=2-7 
per  diem 

r22-8 
24-2 

124-6 

0-971 

0-97 

0-97, 

26**  0.-30**  C. 

28 

61-3 

26-3 

■ 
23-2 

2-6 

26-8 

1-34 

(oofiee) 

18*'C.-20''C. 

Erythrodermia  EzIoUativa— Pseudo-leuohsmla. 
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Nitrogen. 

Faces 

Nitrogen, 
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per  kg. 

■ 
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24-6 
24-9 
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126-6 

Om. 

11-8 
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per  diem 

• 

Om. 
272 
26-9 
27-3 
27-7 
128-0 
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1-14 
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0-97 
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26 
26 
27 

82-4 

279 
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23-3  J 

8-9 
=3-0 
per  diem 

r26-i 

25-4 
t26-3 

1-281 

1-28 

1-28J 

26°C.-30«C. 

28 

82-9 

27-9 

26-9 

2-9 

28-8 

1-61 
(coffee) 

18°C.-20^C. 

2.  S^eeUBo  Effects. 

Whether,  in  addition  to  the  effects  of  skin  diseases  upon  the  nutrition 
associated  with  itching  and  fever,  which  are  quite  easily  observed,  there 
are  also  effects  upon  the  extent  of  the  oxidation  process  and  exchange  of 
energy,  is  a  point  of  the  greatest  interest.  It  is  well  known  that  in 
animals  the  consumption  of  energy  depends  to  a  great  extent  upon  the 
exposed  surface.  It  is  important  to  Imow  whether  in  extensive  disease 
of  the  skin  this  general  biological  law  holds  good.  There  have  been  very 
few   investigations   made   on   the  subject.     The   first   research   upon 
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respiratory  exchange  was  made  nine  years  ago  by  Stuve  (5),  under 
von  Noorden's  direction,  in  a  patient  with  widespread  psoriasis.  The 
result  showed  an  absolutely  normal  rate  of  0  intake  and  OO,  output. 
Tendlau  (6)  recently  found  the  same  result  in  a  case  of  universal  atrophy 
of  the  skin  with  anhidrosis ;  and  Ludwig  Mayer  recorded  similar  figures 
in  a  case  of  sclerodermia  in  von  Noorden's  clinic.  The  value  of  the 
results  arrived  at  by  Quinquaud  and  Leredde  (7)  in  mycosis  fungoides 
cannot  be  correctly  estimated,  for  nothing  is  said  as  to  the  methods 
adopted.  At  any  rate,  all  these  investigations  should  be  regarded  as 
inconclusive.  The  hitherto  scanty  examinations  made  have  all  been  on 
subjects  kept  absolutely  at  rest.  It  may  well  be  that  by  setting  up  a 
more  vigorous  action  of  the  skin,  and  by  muscular  exertion,  differences 
in  the  heat  loss  and  at  the  same  time  an  indirect  effect  upon  heat  produc- 
tion and  exchange  of  energy  might  be  discovered.  Some  observations 
made  by  Tendlau  in  the  case  of  atrophy  of  the  skin  point  this  way. 

3.  Vaseular  Glands  and  the  Skin. 

There  is  no  doubt  that  certain  disturbances  of  metabolism  occur  which 
sometimes  sympathetically  affect  the  skin,  and  at  other  times  are  associ- 
ated with  changes  in  the  exchange  of  energy.  We  see  this  in  old  age, 
where  the  heat  exchange  of  the  body  falls  in  a  marked  degree,  and  the 
suggestion  has  been  made  that  the  gradual  decline  of  the  whole  oxidation 
process  in  old  age  may  be  the  direct  consequence  of  the  atrophic  changes 
in  the  skin,  though  in  the  meantime  this  connection  seems  most  improb- 
able. On  the  contraiy,  it  may  rather  be  that  the  withering  and  atrophy 
of  the  skin  in  old  age  are  only  a  local  expression  of  the  failing  power  of 
repair  in  the  protoplasm  generally. 

To  this  category  belong,  too,  those  diseases  in  particular  which,  in 
exact  contrast  to  one  another,  depend  upon  the  state  of  the  thyroid 
gland  and  involve  the  skin,  such  as  myxcBdema  with  diminished,  and 
Basedow's  disease  with  increased,  energy  exchange. 

The  close  connection  between  the  condition  and  functions  of  the 
thyroid  gland — ^perhaps  also  of  the  other  vascular  glands — and  the 
degree  of  total  oxidation  in  the  body  make  what  is  known  of  the  relations 
of  these  organs  to  skin  disease  a  very  suitable  subject  for  discussion. 

(a)  Clinical  Observationa. 

In  myxGBdema,  a  disease  associated  with  marked  lowering  of  the 
thermogenetic  processes  of  the  body,  an  cBdema-like  myxomatous  infil- 
tration of  the  skin  is  seen.  It  is  remarkable  that  in  other  diseases  also 
— Basedow's  disease,  sclerodermia,  etc. — changes  in  the  skin  similar  to 
myxGBdema  have  been  described. 

There  is,  however,  no  anatomical  procrf  of  the  analogy  of  these  changes 
with  myxoedema,  nor  in  such  investigations  as  have  been  made  has 
the  decreased  heat  production  so  characteristic  of  myxoedema  been 
demonstrated.  It  may  be  assumed  that  in  many  of  these  cases  of  so-called 
combination  with  myxoedema  the  similarity  extends  no  further  than 
to  the  external  appecurance.    While  in  myxoedema  the  thyroid  origin  of 
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the  disease  has  been  proved  beyond  all  doubt,  the  connection  of  other 
ddn  diseases  with  disturbance  of  the  thyroid  function  has  been  sug- 
gested only  hypothetically.  In  sclerodermia,  above  all,  this  has  often 
been  the  case.  The  idea  was  supported  by  the  frequent  coincidence  of 
Basedow's  disease  and  sclerodermia  (9  and  10),  or  even  by  the  atrophic 
changes  found  in  sections  of  the  thyroid  in  sclerodermia  (11).  More- 
over, the  alleged  benefits  of  thyroid  treatment  in  this  disease  seem  to 
bespeak  some  connection  ;  but  there  is  not  yet  enough  known  to  settle 
the  question  (12). 

We  ourselves  in  a  case  of  sclerodermia  with  typical  changes  in  one 
leg,  the  skin  of  which  was  extensively  shrunken,  could  discover  nothing 
to  support  the  idea  of  thyroid  disease  in  the  rate  of  0  intake  and  00|  out- 
put. The  patient,  a  small,  well-developed  man,  inspired  3-68  c.c.  O  and 
expired  2*74  c.c.  00^  per  minute  and  kilogramme  (Zuntz-Geppert  method). 

Moreover,  a  recent  suggestion  made  by  Volhard  (13),  that  sclero- 
dermia stands  in  somewhat  the  same  relation  to  acromegaly  as  myxos- 
dema  to  Basedow's  disease,  was  not  supported  by  these  estimations. 
According  to  this  theory,  since  the  heat  production  is  often  increased  in 
acromegaly  [Magnus-Levy,  Salomon  (8)],  one  would  expect  a  decreased 
0  intake  in  sclerodermia.  At  any  rate,  further  experiments  upon  the 
respiratory  exchange  are  needed. 

Apart  from  sclerodermia,  post-mortem  observations  have  established 
a  connection  between  congenital  ichthyosis  and  changes  in  the  thyroid 
gland  [Windfield  and  van  Oott  (14)] ;  while  Weiss  (16)  has  put  forward 
a  similar  hypothesis  for  the  so-called  adiposis  dolorosa. 

The  often-observed  connection  between  Basedow's  disease  and  skin 
changes — such  as  pigmentation,  leucodermia,  atrophy  of  the  nails,  and 
partial  or  universal  alopecia — while  not  directly  traceable  to  any  change 
in  the  substance  of  the  thyroid  gland,  are  at  any  rate  very  remarkable. 

Moreover,  there  are  some  skin  diseases,  the  appearance  of 
pruriginous  eruptions  and  acne  rosacea  at  the  menopause,  which 
have  been  attributed  to  changes  in  the  organs  of  generation. 

(b)  Therapeutic  Views. 

Starting  from  the  disappearance  of  the  skin  changes  in  myxoBdema 
under  thyroid  treatment,  Byrom  Bramwell  (16)  has  sought  to  introduce 
this  treatment  for  skin  diseases  in  general,  but  his  lead  has  not  been 
followed  to  any  extent.  The  reports  read  very  differently.  The  recom- 
mendations of  Gordon  Dill,  Zum  Busch  (17),  and  others,  are  directly 
contradictory  to  the  dogmatic  opinions  of  Thibierge,  Abraham,  Zarubin, 
Scatchaid,  and  others  (18).  The  diseases  in  which  thyroid  treatment 
is  recommended  are  especially  psoriasis,  ichthyosis,  lichen  ruber,  and 
sclerodermia.  This  much  only  is  certain,  that  so  experienced  an  observer 
as  Ewald  (19)  was  able  in  many  cases  to  report  undoubted  results.  As 
to  the  mode  of  action  we  have  as  yet  no  explanation. 

Saalfeld  and  Sottas  (20)  have  seen  some  results  from  organo-therapy 
in  the  cure  of  skin  eruptions  caused  by  the  climacteric  and  castration  by 
tiie  administration  of  ovarian  substance  (''  ovarin  "  tablets). 
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n.— INPLUENCE  OP  DERMATOSES  ON  PERSPIRATION. 

The  great  part  played  by  the  skin  in  the  evaporation  of  water  and 
the  regulation  of  the  body  temperature  makes  it  appear  a  very  important 
question  whether  in  many  dermatoses  the  insensible  perspiration  is 
affected  as  well  as  the  sensible.  Certainly,  the  vital  importance  of  insen- 
sible perspiration  has  been  long  overestimated. 


I.  Experimental  Evidence. 
(a)  In  Animals, 

It  has  been  found  in  animals,  especially  rabbits,  that  the  closing  of 
the  pores  of  the  skin  by  impermeable  media  like  varnish,  oil,  lanoline, 
vaseline,  etc.,  was  followed  by  loss  of  health  and  death.  While  the 
cause  of  death  was  originally  attributed  to  retention  of  the  skin  secre- 
tions— e.^.,  water,  CO,,  ammonia,  and  volatile  aromatic  substances 
[Edenbuiz^DL  (21),  Lassar  (22)],  and  the  resorption  of  substances  put 
on  the  skin — ^Krieger,  Laschkewitsch,  Lomikowsky,  Wintemitz,  and 
others  (23),  have  pointed  out  that  the  ill-effects  seen  in  the  animals 
experimented  on  were  in  reality  due  to  increased  heat  loss  and  diminished 
intrinsic  heat. 

Lassar's  view  cannot  yet  be  entirely  rejected,  and  the  condition  still 
lacks  a  complete  explanation ;  for  in  some  thorough  investigations  on 
rabbits,  Bab4k  (24)  has  quite  recently  shown  that  animals  smeared  with 
absolutely  inactive  media — e.(7.,  gelatin— Ksan  maintain  for  a  week  a  heat 
loss  increased  by  140  per  cent,  without  suffering  the  least  injury.  The 
increased  heat  loss  was  balanced  by  increased  heat  production,  and  so 
the  body  temperature  was  kept  constant.  Bab4k  suggested  that  the 
fall  of  the  body  temperature  after  smearing  with  oil,  varnish,  etc.,  might 
be  due  to  a  defective  heat  production  resulting  from  some  toxic  process. 

Ricciardi  (268)  claims  to  have  produced  in  animals  various  toxic 
changes  in  the  blood  and  tissues  by  varnishing  part  only  of  the  skin.  He 
states  that  by  applying  a  varnish  consisting  of  indiarubber  in  benzene, 
covered  with  a  layer  of  collodion,  to  varying  extents  of  the  skin,  the  death 
of  the  animal  may  be  delayed  for  different  periods,  demonstrating  that  as 
a  smaller  surface  is  treated  with  the  varnish,  the  longer  the  animal  sur- 
vives, while  if  the  total  surface  is  varnished  death  ensues  rapidly, 
with  the  pathological  appearances  of  acute  tox»mia.  In  the  less  rapidly 
fatal  cases  the  internal  organs — ^kidneys,  lungs,  and  liver — are  found  to 
have  developed  the  signs  of  (non-microbic)  parenchymatous  inflam- 
mation. 

Not  only  did  he  find  these  histological  changes  in  the  viscera,  but  he 
also  carefully  investigated  the  blood  conditions.  The  number  of  cor- 
puscles, percentage  of  hsBmoglobin,  and  the  spectroscopic  appearance, 
were  practically  normal ;  there  was  a  raising  of  the  freezing-point  depend- 
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ing  on  an  increase  of  00|  in  the  blood,  and  the  laotony  was  increased 
(MosBO-VioIa  method) ;  while  the  agglutinating  and  h»molytic  power  of 
the  senim  was  reduced  to  nil. 

All  these  effects  Ricoiardi  attributes  to  an  interference  with  the 
emunctory  processes  of  the  skin,  which  he  considers  are  capable,  even  if 
only  partially  abolished,  of  producing  these  evidences  of  toxic  absorp- 
tion. He  does  not,  however,  adduce  any  proof  that  the  varnishing  media 
remain  entirely  unabsorbed  and  innocuous,  but  mentions  one  fact, 
namely,  a  complete  loss  of  hair  in  the  unvarnished  skin  immediately  sur- 
rounding the  part  treated,  which  suggests  that  an  active  absorption 
rather  than  a  general  non-excretion  may  play  some  part  in  causing  the 
phenomena  he  relates. 

(b)  In  Man, 

The  story  has  often  been  quoted  of  the  boy  who  at  the  coronation 
of  Pope  Leo  X.  was  to  have  appeared  as  an  angel,  and  was  for  that 
purpose  gilded  over  the  whole  of  his  body,  but  on  the  night  before  the 
ceremony  suddenly  died. 

An  accurate  estimate  of  the  pathological  importance  of  checked 
sweating  in  man  has  been  arrived  at  by  Senator  (26),  who  showed  that  in 
most  cases  varnishing  of  the  skin  does  no  harm,  much  less  has  it  a  fatal 
effect.  It  has  to  be  taken  into  consideration,  however,  that  the  subjects 
of  Senator's  experiments  were  kept  in  bed  under  the  most  uniform  con- 
ditions. Pathological  experience  shows  that,  under  certain  conditions, 
disturbances  may  be  set  up  by  checking  the  water  evaporation  [c/.  Levy- 
Dom  (26)].  With  reference  to  these  clinical  observations,  it  should  be 
mentioned  that  it  is  not  yet  certain  whether  the  evaporation  of  water 
thiou^  the  skin  takes  place  via  the  sweat  glands  simply,  or  through 
some  other  parts  of  the  skin  as  well.  At  any  rate,  the  '*  insensible  per- 
spiration "  of  the  older  authors  proceeds  parallel  with  sweat  secretion, 
and  we  are  agreed  as  to  the  impossibility  of  separating  them  one  from 
the  other  in  dealing  with  the  subject  of  '^  perspiration." 

No  information  is  available  on  the  question  of  00|  evaporation 
generaDy. 

2.  CUnleal  Faets. 

The  following  clinical  facts  have  been  observed : 

Very  deficient  or  absent  sweat-formation  has  been  fully  dealt  with 
from  the  dermato-histological  standpoint  by  Unna  (27)  in  the  so-called 
parakeratoses — i.e.,  psoriasis,  ichthyosis  non-congenitaUs,  lichen  ruber 
of  Hebra — without  any  analytical  details  being  communicated. 

The  first  to  make  any  quantitative  estimations  of  the  evaporation 
from  the  skin  in  skin  diseases  was  Quincke  (28),  and  under  his  direction 
O.  Bieling  (20).  Quincke,  as  he  states,  in  many  eczematous  conditions 
met  with  urine  of  a  relatively  high  specific  gravity  and  scanty  amount  in 
spite  of  the  increased  thirst.  His  method  was  to  some  extent  incomplete, 
for  only  the  total  amount  of  fluid  taken  and  the  total  urine  passed  were 
reckoned,  the  water  contained  in  the  "'  solid  "  food  being  neglected. 
The  difference  was  r^aided  as  water  evaporation,  since  it  was  unnecessary 
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to  take  into  account  the  evaporation  through  the  lungs,  on  account  of 
its  unifonn  amount.  The  results  are  of  the  greatest  value,  because  the 
numerous  investigations  were  carried  out  under  identical  conditions. 
It  appears  from  them  that  in  a  healthy  person  an  average  of  26*2  per  cent., 
and  in  an  eczematous  subject  an  average  of  about  48  per  cent,  of  the 
total  intake  of  fluid  was  lost  by  evai)oration.  In  addition,  moist  eczema 
appears  to  surpass  the  dry  form  in  its  amount  of  evaporation. 

With  the  same  methods  Wilms  (1)  subsequently  showed  that  in  bums  of 
the  second  degree  the  loss  of  fluid  by  the  skin  must  be  reckoned  as  very 
considerable,  although  in  this  case  the  secretion  of  fluid  by  the  urine  is 
very  small  in  proportion  to  the  intake.  Reiss  (30),  working,  it  is  true, 
witii  a  method  that  is  by  no  means  free  from  objections,  arrived  at  totally 
different  results.  Upon  the  skin  to  be  examined  he  placed  a  bell-jar,  in 
which  the  tension  of  aqueous  vapour  can  be  determined  manometri- 
cally.  This  gives  rise  to  an  artificial  condition,  for  the  skin  evaporation 
must  take  place  in  the  jar  just  as  in  a  more  or  less  moisture-laden  room. 
According  to  Reiss,  the  amount  of  perspiration  is  decreased  in  the  skin  of 
acute  eczema,  as  the  result  of  the  slowing  of  the  blood-stream,  in  the 
author's  opinion.  The  diminution  of  perspiration  is  greatest  at  the  centre 
of  the  diseased  area ;  it  gradually  approaches  to  the  normal  as  the  peri- 
phery is  reached,  until  in  the  skin  immediately  surrounding  the  eruption 
it  is  actually  raised  above  normal.  Reiss  states  that  the  decrease  of 
perspiration  over  skin  affected  by  chronic  eczema,  lichen  ruber,  and 
psoriasis  patches  is  still  more  marked,  while  over  ichthyotic  skin  it  is 
reduced  to  nil.  Barrel's  results  in  dry  eczema  are  identical.  Similarly 
Leichtenstem  (31),  by  an  indirect  method,  calculated  in  myxoedema 
a  diminution  of  insensible  perspiration  to  40  or  60  per  cent.,  though  in 
this  case  the  general  decrease  of  metabolism  has  to  be  taken  into 
account. 

Reiss  found  the  perspiration  increased  in  angeio-neurotic  cBdema 
(acute  circmnscribed  oedema  of  Quincke),  which  agrees  with  the  results 
of  Peiper  (31)  and  Janssen  (32)  on  the  amount  of  evaporation  from 
GBdematous.skin.  The  research  based  ui)on  the  best  method  only  deals, 
unfortunately,  with  a  single  case  of  ichthyosis,  for  which  we  are  indebted 
to  Schwenkenbecher  (33).  The  patient  was  enclosed  up  to  his  head  in  a 
hermetically-sealed  cabinet,  uniformly  heated  and  ventilated.  The 
amount  of  water  in  the  ventilating  air  was  estimated  hygrometrically. 
The  patient  was  a  nine-year-old  boy,  weighing  20  kilogrammes,  with 
11,600  square  centimetres  of  skin,  the  subject  of  severe  congenital  ich- 
thyosis. The  loss  of  water  from  his  skin  amounted  to  0*6  gramme  per 
hour  and  kilogramme  (the  temperature  of  the  cabinet  was  26°  to  26°  C, 
and  its  relative  humidity  62  to  66),  a  rate  which,  according  to  control 
experiments  on  healthy  subjects,  is  at  least  not  below,  but  rather  above, 
the  normal.  These  figures  are  opposed  to  Reiss's  results.  In  a  disease 
which  involves  so  large  an  area  as  ichthyosis,  the  assumption  of  an 
overcompensation  from  the  increased  evaporation  on  the  residue  of 
healthy  skin,  although  Reiss  makes  it  appear  quite  possible,  is  most 
improbable. 
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3.  Bfleet  of  Cheeked  Persplratioii  on  Temperature  RegalatfoiL 

As  already  mentioned,  the  subject  of  Senator's  experiments  was  kept 
in  good  healtii,  in  spite  of  the  pores  of  his  skin  being  sealed,  by  the  fact 
that  he  was  confined  to  bed.  But  under  certain  conditions  the  temperature 
regulation  may  be  seriously  disturbed,  as  was  first  pointed  out  by  Tendlau 
(6)  in  an  extremely  interesting  case. 

The  patient  was  a  man  with  congenital  atrophy  of  the  skin  in  which 
complete  absence  of  sweat  glands  was  demonstrated  histologically.  His 
inability  to  sweat  in  the  summer,  and  his  consequent  sufferings,  drove  the 
patient  to  the  most  extraordinaiy  devices,  for  instance,  wh«i  it  was  hot 
he  put  on  a  shirt  that  was  wringing  wet,  and  as  this  dried  he  moistened 
it  again  and  again  under  the  pump ;  in  summer,  too,  he  ate  only  cold 
victuals,  etc.  The  patient's  temperature,  taken  whilst  resting  in  tiie  sun 
in  June,  rose  in  ten  to  fifteen  minutes  about  1^  C,  and  reached  to  fever- 
heat.  After  walking  about  in  the  sun  for  an  hour,  the  temperature  rose 
from  normal  to  40*8^  C,  with  all  the  subjective  symptoms  of  fever,  the 
pulse-rate  being  90  to  1 10,  and  the  respirations  being  82.  The  respiratory 
metabolism  showed  the  characteristics  of  increased  lung  ventilation,  but 
in  other  respects  was  normal.  In  gradually  cooled  baths  the  tempera- 
ture, on  the  other  hand,  scarcely  fell  at  all.  As  opposed  to  the  fact  that 
in  varnished  rabbits  a  fall  in  the  body  heat  occurs  so  easily,  one  must  bear 
in  mind  the  relatively  much  smaller  surface  of  the  human  body,  in  the 
first  place,  and  the  more  complete  compensation  of  the  external  heat  loss 
in  man. 

Unser  and  Schmidt  (34)  have  described  a  disturbance  in  cases  of  ich- 
thyosis similar  to  this,  though  in  a  much  less  degree.  The  temperature 
in  these  cases  would  rise  much  sooner  and  higher  when  placed  in  a  room 
heated  to  40^  C,  or  in  a  hot-air  apparatus,  Uian  in  a  normal  control 
subject.  The  question  raised  by  Schwenkenbecher,  who  in  a  case  of 
congenital  ichthyosis  found  the  amount  of  perspiration  normal  or  slightly 
supernormal,  still  requires  an  explanation. 


III.— METABOLISM    OP    ALBUMIN. 
1.  mtrogenoos  EqnlUbrtnm  In  General. 

(a)  In  Skin  Diseases, 

From  clinical  facts  it  may  be  inferred  that  in  many  skin  diseases  a 
protoplasmic  poison  is  formed  which  sets  up  a  toxic  destruction  of  albumin. 
Perhaps  in  skin  diseases  such  as  pemphigus  and  pityriasis  rubra  this  is 
very  largely  responsible  for  the  general  ill-health.  Reliable  results  as  to 
the  nitrogen  balance  in  skin  diseases  are  very  few  in  number. 

Stttve  (35)  found  in  one  case  of  pemphigus  vegetans  upon  a  fixed  diet  of 
20  grammes  nitrogen  per  diem  and  45  calories  per  kilogramme  of  body- 
weight  a  nitrogen  retention  of  only  1  gramme  per  diem,  which  is  a  very 
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Theresa  A., 

aged  23 

;  weight,  64  kilogrammes 

Daie. 

Urint, 

«. 

BtherecH 
SviphaUB. 

Ben^U 

CO, 

Om. 

20 

660 

1028 

0-1056 

Motions  formed.                ^ 

30 

1 

660 
600 

1021 
1024 

00829\ 
00816/ 

Loss  of  nrine  onoe  daily. 

2 

1,120 

1030 

01308^ 

3 

1.570 

1015 

0-2221 

4 

570 

1026 

00916 

Diet  mixed 

5 
6 

7 

1,040 
580 
360 

1025 
1015 
1030 

0-1800 
01171 
0-1524 

' 

four  times  a  day. 

»  thronghoat 
experiment. 

8 

560 



0-2415 

9 

360 

1035 

01701 

10 

325 

1027 

0'1896j 

* 

Adolf  H.,  aged  21 

;  weight,  60  kilogrammes. — ^Acne  Vulgaris. 

Date, 

Urine, 

QraoUff. 

EOuTtal 

Bemarha, 

cc. 

Gm. 

1 

2,180 

1016 

01796^ 

y 

2 
3 

2.700 
2.925 

1015 
1012 

0-3226 
0*3098  ' 

Motion  onoe  daily. 

4 

2.060 

1021 

0-1896 

5 

2.600 

1020 

0-2781^ 

6 

3,700 

1011 

0-3049 

Yeast,  one  tablespoonfal 

Diet  mixed 
'  throughout 

7 
8 

3,760 

1012 

0-3141 

three  times  a  day. 

0 

3,825 

1008 

0-3047  \ 

experiment. 

10 

3,750 

1010 

0-3939 

11 

3.250 



0-2187 

Teast.  one  tablespoonfal 

12 

4.075 

— 

0-3073  • 

five  times  a  day. 

1 

13 

3.100 

— 

0-3661 

^ 

14 

3.275 

— 

0-3251/ 

Helene  B., 

aged  21 

I ;  weight, 

S4  kilogrammes. — ^Furunculosis. 

Date, 

UHne, 

Specific 
Cfraviiy, 

Ethereal 
Sidphaiee. 

Bemarks. 

e.0. 

Gm. 

8 

1,010 

1025 

013041 

^ 

660 

1021 

0-1088 

10 

920 

1025 

0-1629 

- 

Motions  firm,  onoe  daily. 

11 

900 

1022 

01681 

12 

650 

1025 

01473, 

13 

710 

1026 

14 
15 
16 
17 

— 

— 

— 

Yeast,  one  tablespoonfal 
three  times  a  day. 

Diet  mixed 

'  throughout 

experiment. 

18 

660 

1026 

0-1414. 

19 

645 

1025 

0-12401 

20 
21 
22 

820 
850 
800 

1026 
1026 

01881 
01739 
0*1946 

- 

Yeast,  one  tablespoonfal 
five  times  a  day. 

23 

— 

0-2149J 
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In  theee  thiee  oaees  the  excretion  of  ethereal  sulphates  remained 
evidently  unaffected  by  the  yeast,  a  result  corroborated  by  von 
KoDCzkowsky  (61). 


(c)  Diseases  of  the  Liver. 

Jaundice  and  the  irritation  accompanying  it  are  dealt  with  later  in 
the  section  on  Diseases  of  the  Liver.  In  indurative  cirrhosis  of  the  liver 
the  skin  often  assumes  a  strange  thinness,  dryness,  and  ashen  tint. 


2.  Dermatoses  ex  Ingestts. 

(a)  AouU  Alimeniary  Eruptions. 

(a)  Dietetic  Causes  and  Nature  of  the  Sashes. — ^Among  the  food-stuffs 
familiarly  known  to  produce  eruptions  are  strawberries  and  other  fruit, 
crabs,  oysters,  mussels,  etc.,  together  with  some  which  only  occasionally 
show  this  effect,  certain  spices,  asparagus,  cabbages,  fish,  cheese,  and 
even  fresh  eggs  [Jadassohn  (67),  Bendix  (62)].  llie  nature  of  the 
eruption  is,  as  a  rule,  eiythematous  and  urticarial,  but  vesicles  and 
bulled  may  occur ;  spealdng  generally,  there  is  a  great  resemblance  to  drug 
rashes. 

Lewin  (63)  relates  the  case  of  a  young  man  who  always  developed 
purpura  after  eating  asparagus.  What  the  active  principle  may  be  that 
causes  purpura  after  eating  crabs,  strawberries,  etc.,  is  so  far  only  a  matter 
of  conjecture ;  there  is  no  experimental  basis  for  it  to  rest  upon.  We 
know  that  certain  foods,  ev^i  when  perfectly  fresh,  may  produce  rashes, 
and,  further,  that  fruit  urticaria  will  sometimes  disappear  under  an 
alkaline  treatment.  In  some  of  the  albuminous  foods— orabs,  fish,  etc. — 
a  toxine  may  be  present  as  the  result  of  bacterial  action ;  the  er3rthema  set 
up  in  botulismus  {van  Ermengem*s  Fleischvergiftung)  is  known  to  be  due 
to  the  BaciUus  boiulinus^  whose  toxine  may  either  have  been  formed  out- 
side the  human  body  and  survived  cooking,  or  may  be  produced  by 
the  bacillus  itself  in  tiie  human  intestine. 

(i3)  Theoretical  Considerations. — ^The  view  generally  held  is  that  in 
people  with  a  particular  idiosyncrasy  some  poison  circulating  in  the  blood 
stimulates  the  vasomotor  nerves  of  the  skin,  or  sets  up  an  actual  inflam- 
mation. From  the  analogy  of  the  serum-exanthems,  it  is  thought  that 
in  many  cases  the  exciting  cause  may  be  of  the  nature  of  an  *^  antitoxin." 
Further  investigation  of  the  specific  biological  albumin  reactions  in  the 
blood  of  people  with  this  idiosyncrasy  is  wanted.  The  question  why  the 
eruption  is  not  universal  is  very  difficult  to  answer ;  does  it  depend  on  the 
distribution  of  the  x>oison  in  the  blood,  or  is  the  skin  endowed  with 
different  powers  of  resistance  in  various  parts  ?  Another  puzzling  point 
is  the  extraordinarily  short  time  which  may  elapse  between  eating  the 
food  and  the  appearance  of  the  rash  ''  directly  the  taste-buds  have  been 
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touched  "  (P.  6.  Unna] ;  only  the  minutest  quantity  may  have  been 
taken. 

Considering,  too,  that  fright  has  been  said  to  cause  urticaria,  Unna's 
theory  appears  reasonable  that  it  depends  upon  some  nerve  connection 
between  the  skin  and  the  sensory  apparatus  of  the  alimentary  canal, 
and  should  be  regarded,  with  several  other  dermatoses — e.g.,  herpes 
gestationis — as  an  angeio-neurotic  phenomenon,  an  explanation  which 
serves  also  for  those  curious  cases  in  which  an  urticaria  ex  ingestis  persists 
for  weeks  or  even  months,  althougji  by  the  use  of  purgatives  any  tozine 
must  long  ago  have  been  cleared  out  of  the  intestine  [Lassar  (49)]. 

(y)  ExperimefUal  Evidence. — ^The  question  of  an  absorptive  or  reflex 
origin  for  alimentary  dermatoses  bears  closely  upon  another  subject, 
whether  the  rashes  of  urticaria  and  eiythema  are  angeio-neurotic  or 
inflammatory. 

Philippson  (66),  and  Torok  and  Hari  (66),  have  identified  a  group  of 
substances  which,  when  injected  in  minute  quantities,  produce  localized 
wheals.  Philippson  even  set  up  urticaria  in  a  dog  by  peripheral  intra- 
vascular injections  of  peptone,  morphia,  and  atropine.  Torok  and  Vas 
(67)  have  proved  that  the  serous  exudate  of  urticaria  vesiculosa  is  richer 
in  albumin  (about  6  per  cent,  albumin)  than  the  serum  in  anasarca,  and 
so  may  be  classed  as  an  inflammatory  exudate  rather  than  as  a  transudate. 
All  these  experiments  go  to  show  that  urticaria  is  inflammatory  in  its 
origin,  and  results  from  the  action  of  some  toxine  upon  the  bloodvessels  of 
the  skin.  Frisko's  researches  are  worth  mention,  although  his  experiment 
scarcely  produced  a  true  urticaria.  He  introduced  into  the  bowel  and 
the  subcutaneous  tissues  both  a  soluble  bacterial  toxine  and  a  germ-free 
filtered  solution  of  putrid  maize  and  meat,  which  set  up  erythema,  vesica- 
tion, and  shedding  of  the  hair  (68). 


(b)  Chronic  Alimeniary  DermtOoses. 

The  best  known  are  the  erythematous  patches  of  pellagra  which 
appear  on  the  parts  exposed  to  the  sun,  the  skin  necrosis  of  ergotism,  and 
the  cutaneous  hasmorrhages  in  scurvy.  Pellagra  is  attributed  with  abso- 
lute certainty  to  the  eating  of  rotten  maize,  from  which  several  observers 
have  isolated  the  poisonous  principles.  The  effects  of  these  poisons  on 
animals  can  be  prevented  if  they  are  mixed  with  the  serum  of  a  patient 
cured  of  or  convalescent  from  pellagra  [von  Babes  and  E.  Manicatide 
(70),  Lombroso  (69)].  Walker  Hall  fed  guinea-pigs  on  damaged  maize 
for  several  months,  but  was  unable  to  produce  any  distinct  pathological 
changes  in  the  spinal  cord,  or  peripheral  nerves  or  organs.  The  chronic 
ergotism  caused  by  eating  ''  Mutterkom  "  bread  gives  rise  to  vesication 
and  necrosis  of  the  skin  of  the  extremities,  which,  however,  probably 
depends  immediately  upon  some  disease  of  the  central  nervous  system. 
We  are  quite  ignorant  of  the  cause  of  scurvy ;  probably  the  defective 
nutrition  impoverishes  the  blood,  and  so  predisposes  to  the  malady. 

There  are  ateo  milder  affections— chronic  hypersdmia  associated  with 
telangiectasis  and  seborrhoea,  developing  sometimes  into  acne  rosacea 
and  rhinophyma — ^which  upon  the  clinical  evidence  seem  due  to  the  abuse 
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of  alcohol,  tea,  or  co£Fee  [Biocq  (71),  Lassar  (49)].  These  may  well  depend 
apon  a  more  direct  comiection  than  Jfiunsch  suggeete  in  his  "  intestinal 
catarrh  "  theory. 

Veiel  (73)  thinks  that  cheese  produces  acne  by  increasing  the  excretion 
of  fatty  acids  through  the  skin.  Neisser  (74)  denies  that  cheese  has 
any  effect  upon  a  pre-existing  acne,  and  in  this  we  agree.  Linser  has 
recently  analyzed  and  identified  the  fats  in  the  sebaceous  glands  in  acne. 

Furunculosis,  owing  to  its  frequency  in  diabetes,  Lassar  attributes  to 
hyperglycsemia,  even  without  glycosuria,  and  he  suggests  that  it  may  be 
caused  by  eating  too  much  carbohydrate  and  sweetstuff ;  further,  too,  he 
has  seen  improvement  follow  the  restriction  or  withdrawal  of  carbohydrate. 
Lassar's  theory  requires  corroboration  by  experimental  evidence  as  to 
alimentary  glycosuria  and  the  amount  of  sugar  in  the  blood  ;  for  furuncu- 
losis may  precede  diabetes  by  many  years.  la^mann  (76),  in  two  cases 
in  von  Noorden's  clinic  (examined  while  fasting  in  the  morning),  found  the 
normal  amount  of  0-071  and  0-09  gramme  sugar  in  the  blood.  It  must 
be  mentioned,  however,  that  many  authorities  recommend  a  v^etable 
and  carbohydrate  diet  in  furunculosis  [Gtiinzbourg  (75)]. 


v.— SKIN  DISEASES  AND  THE  URINE. 

A.— THE  ORGANIC  CONSTITUEHTS  OF  URDTE. 

There  is  no  lack  of  literature  on  the  state  of  the  urine  in  skin  diseases, 
but  for  the  most  part  the  work  is  of  no  value,  because  neither  the  diet  nor 
the  methods  of  investigation  are  fully  described. 

1.  Total  Nitrogen. 

Cf.  protein  disint^ation  (skin). 

2.  Water. 

(7/.  effect  of  dermatoses  on  the  perspiration. 

3.  Aeidlty. 

According  to  Borri,  who  treated  the  urine  with  calcium  saccharate 
and  then  titrated  with  H^04  (Joulie's  method),  the  acidity  of  the  urine 
is  diminished  in  chronic  eczema,  prurigo,  and  psoriasis  (77).  These 
diseases,  according  to  Borri,  are  improved  by  the  administration  of 
phosphoric  acid  to  increase  the  acidity  of  the  urine.  Borri's  statements 
are,  however,  unconfirmed. 

4.  UrMU 

From  the  work  of  Leredde  and  Radaeli  (36)  it  appears  that  the 
percentage  of  urea  nitrogen  very  often  remains  normal  in  skin  diseases, 
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though  in  many  cases  it  is  increased  or  diminished.  In  one  case  of  lichen 
ruber  planus  Badaeli  found  it  as  high  as  90  to  03  per  cent.,  the  quotient 

zfr-^-^ — .r^^  falling,  however,  under  arsenical  treatment  during  a  relapse 
lotal  mtrogen 

to  70,  or  even  66.  Under  similar  conditions  in  psoriasis  the  same  result 
was  observed — a  fact  that  is  chiefly  of  pharmacological  and  toxicological 
interest.  Pever  may  play  some  part  in  lowering  this  quotient.  This 
probably  occurred  in  a  case  of  dermatitis  herpetiformis,  where  Wickham 
(78)  found  it  78-2  and  78.  But  similar  results  were  arrived  at  by  Gaucher 
and  Desmouli^s  (56),  and  Desgrez  and  Ayrignac  (70),  in  psoriasis  and 
eczema,  where  fever  was  absent  and  the  amount  of  ammonia  was 
normal. 

In  two  cases  of  tertiary  syphilis  von  Jaksch  [80]  noted  a  decrease  in  the 
urea  nitrogen  and  an  increase  in  the  amido-acid  nitrogen.  This  lacks  con- 
firmation, and  von  Jaksch  himself  has  admitted  that  the  method  employed 
was  not  wholly  free  from  objection. 


5.  Ammonia. 

Badaeli  (36)  found  the  amount  slightly  decreased  in  lichen  ruber 
planus.  linser  and  Schmidt  (34)  observed  that  it  was  normal  in  acne  and 
ichthyosis.  Gaucher  and  Desmoulidres  (66)  found  similar  results  in 
eczema  and  psoriasis. 

6.  Urle  Aeid. 

The  uric  acid  excretion  was  normal  in  amount  in  lichen  ruber 
[Radaeli  (36)],  in  eczema  and  psoriasis  [Gaucher  (245)  and  DesmouUdres 
(66)],  in  alopecia,  mycosis  fungoides,  erythema  scarlatiniforme,  psoriasis, 
and  eczema  [Desgrez  and  Ayrignac  (79)].  Although  the  two  latter  authors 
describe  an  increased  excretion  of  uric  acid  as  the  result  of  nuclear  destruc- 
tion in  many  dermatoses,  they  base  their  opinion  less  upon  the  actual 

.,,,,,,                  ,            ,       Uric  Acid 
amount  of  unc  acid  that  they  found  than  upon  the  quotient  — ^j » 

which  was  increased  in  many  cases,  a  very  untrustworthy  conclusion. 
In  acne  the  alloxur  bases  were  normal  [Linser  and  Schmidt  (34)],  or,  at 
any  rate,  not  decreased  [Gaucher  and  DesmouUdres]. 


7.  Albuminuria. 
(7/.  kidney  diseases  and  the  skin. 

8.  Albumoses. 

According  to  Wilms,  albumoses  are  a  regular  constituent  of  the 
urine  after  severe  bums,  making  their  appearance  immediately  after  the 
injury. 
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9.  Hsmoslobin  and  HsmatoporphyrliL 

Hffimoglobinuria  has  been  frequently  observed  in  cases  of  acute 
circumscribed  cedema  [Joseph,  Boques»  Wendt  (81)].  Exposure  to  cold 
may  be  responsible  for  both  tiie  skin  affection  and  the  hssmoglobinuria. 
Syphilis  comes  into  the  past  history  of  one  large  class  of  cases  of  par- 
oxysmal haemoglobinuria,  the  actual  onset  being  often  excited  by  a 
**  chill."  In  the  hiemoglobinuria  of  acute  circumscribed  oedema  it  must 
be  assumed  that  the  red  corpuscles  are  so  peculiarly  sensitive  to  cold 
that  they  break  up  very  easily.  Lesser's  (84)  idea  that  hflemoglobinuria 
always  follows  extensive  bums  is  not  confinned  by  Dohm  (86)»  and  licht- 
heim  (86)  r^ards  it  as  only  an  occasional  symptom.  Hopi>e-Seyler  (82) 
describes  a  meth»moglobinuria  after  bums,  in  which  the  blood-corpuscles 
[as  Max  Schultze  (83)  demonstrated  microscopically]  break  up  under  the 
direct  action  of  the  heat.  As  an  instance  of  luBmatoporphyrinuria  with 
skin  diseases,  M<i4<Vll  Anderson's  (87)  examples  of  two  brothers  with 
hydroa  astivale  may  be  quoted  [see  also  Linser  (246)]. 


10.  Sugar. 

Alimentary  glycosuria  occurs  frequently  in  psoriasis  [Nagelschmidt 
(88)].  (See  also  Diabetes  and  Skin  Diseases.)  Increase  of  the  fatty  acids 
has  heeaa,  described  in  acute  exanthemata.  Frerichs  found  valerianic 
acid  in  small-pox,  but  this  may  be  more  properly  attributed  to  the  febrile 
process  itself. 

11.  Pigmantt. 

Garrod  (247)  has  drawn  attention  to  the  combination  of  alkaptonuria 
with  the  {peculiar  pigmentation  of  cartilages  and  skin  known  as  ochron- 
osis ;  in  eleven  cases  of  ochronosis  collected  by  (jhyrrod,four  cases  presented 
alterations  of  pigment  in  the  skin.  The  rarity  with  which  alkaptonuria 
occurs,  and  the  appearance  in  the  urine  of  somewhat  similar  pigments 
which  do  not  contain  homogentisio  or  uroleuoio  acid,  makes  the  explana- 
tion of  the  problem  of  abnormal  pigmentation  the  more  obscure,  (jhirrod, 
at  least,  believes  that  alkaptonuria  is  one,  but  not  the  only,  cause  of 
oohronoeuB. 

Surveyor  (89)  has  described  a  pigment  which  was  present  in  the  urine 
in  febrile  vesicular  eraption  on  the  face.  A  rose- violet  colour  was  produced 
by  the  addition  of  NaOH  to  the  urine ;  reducing  agents  caused  a  paler, 
oxidizing  agents  a  deeper  colour.  The  pigment  itself  was  insoluble  in 
water,  alcohol,  and  ether. 

12.  Toxines. 

(a)  In  Skin  Diseases  and  Syphilis. — CSiatini^  (80)  reports  that  the 
urine  of  a  leper  in  the  tubercular  stage  of  the  disease  was  less  toxic  than  in 
healthy  subjects.    Galderone  (90)  agrees  as  to  the  urine,  but  claims  that 
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the  toxicity  of  the  serum  in  a  similar  case  was  slightly  increased ;  while 
Fisichella  (91)  found  the  toxicity  of  the  urine  increased. 

The  urine  has  been  described  as  more  toxic  than  usual  in  Werlhof  s 
disease  [Carri^e  and  Gilbert  (02)],  in  pemphigus  vegetans  pE^ini  (03)],  in 
psoriasis  [Oro  and  Mosca  (04)],  and  in  eczema  papulo-squamosum  and 
general  ichthyosis  [Ck)lombini  (05)]. 

Griffith  isolated  in  eczema  a  ptomaine,  "  eczemin,"  which,  when  in- 
jected into  rabbits,  caused  fever  and  death  (06).  TSte  and  Vandame 
(07)  have  done  the  like  in  dermatitis  herpetiformis.  The  toxicity  of  the 
urine  in  Tendlau's  case  of  atrophy  of  the  skin  (5)  was,  at  any  rate,  not 
increased,  and  Colombioi  (05)  states  that  it  was  constantly  reduced  in 
moist  eczema  (e.g.^  eczema  rubra  madidans)  to  more  than  a  half  ;  this  he 
attributes  to  the  increased  excretion  of  toxines  by  the  skin,  the  diminished 
excretion  by  the  urine  being  possibly  the  cause  of  the  disease.  Lastly, 
Boual  (08),  whose  work  is  of  doubtful  value,  reports  that  the  toxicity  of 
the  urine  is  decreased  in  the  first  two  years  of  syphilis. 

The  researches  on  this  subject  are  not  very  reliable,  the  conclusions 
being  frequently  based  upon  a  single  case,  llie  methods  of  estimating 
toxicity  are  so  far  quite  inadequate,  while  observers  are  divided  in  their 
opinions  as  to  whether  increased  toxicity  in  the  urine  means  that  more 
toxine  is  produced  in  the  system,  or  whether  diminished  toxicity  is  due 
to  a  retention  of  toxine  in  the  system. 

(b)  Bums. — ^Upon  one  point,  at  least,  it  is  agreed  :  that  in  bums  toxi- 
city of  the  urine  is  increased,  but  never  decreased. 

Catiano  (00)  and  Lustgarten  (100)  are  responsible  for  the  theory  that 
death  from  bums  is  due  to  absorption  of  toxines  produced  by  bacteria  on 
the  injured  surface.  Kijanitzin  (101)  found  in  the  urine,  and  also  in  the 
blood,  of  such  cases  a  ptomaine  similar  to  Bri^;er's  "  peptotoxine," 
which  proved  very  fatal  to  animals.  Ajello  and  Parascondolo  (102)  have 
corroborated  these  results.  Beiss  (103)  has  identified  certain  '^empy- 
reumatic  "  substances,  especially  pyridin,  in  the  urine  in  several  cases. 
Spieler  (104)  and  Wilms  (20),  who  on  theoretical  grounds  do  not  regard 
pyridin  as  the  cause  of  death,  stiU  found  it  present  in  nine  out  of  twelve 
cases.  Spieler  and  Frankel  (105)  observed  many  other  substances,  to 
which  they  only  refer  in  general  terms.  It  is  by  no  means  certain  whether 
the  supposed  toxine  is  formed  by  the  burning  of  the  tissues,  or  arises  from 
the  blood  they  contain,  or  originates  from  some  general  systemic  reaction. 
Spieler  was  unable  to  produce  any  toxic  effect  with  an  extract  made 
from  human  skin  which  had  been  burnt  after  death  ;  but  Weidenfeld  (106), 
by  grafting  burnt  skin  into  the  peritoneal  cavity  of  guinea-pigs,  caused 
illness  and  death.  This  has,  however,  been  since  contradicted  by  Hel- 
stedt,  but  corroborated  by  Eijkman  and  Hopgenhuyze  and  Pfeiffer  (248). 
Scholz  (107)  demonstrated  that  burning  the  ears  of  rabbits  was  not  fatal 
if  the  ear  was  first  rendered  bloodless,  arguing  from  this  that  the  toxine 
was  formed  by  the  heating  of  the  blood  [Pfeiffer]. 

In  fact,  although  the  exact  nature  of  the  toxines  has  not  yet  been 
established,  the  view  is  rapidly  gaining  favour  that  toxaemia  plays  the 
chief  part  in  the  pathology  of  bums. 
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B.— EXCRETION  OF  THE  MINERAL  SALTS. 

Owing  to  the  exact  "salts  balance"  not  having  been  taken  into 
account,  many  of  the  following  results  lose  a  good  deal  of  their  importance ; 
some  of  them  are  remarkable  enough  from  the  conclusions  based  upon 
them. 

In  the  urine  of  syphilitic  patients  Soual  (108)  observed  an  increase  of 
chlorides,  the  proportion  of  chlorides  to  urea,  which  is  usually  1  :  2, 
being  raised  to  1  :  0*7 — a  result  whose  importance  cannot  yet  be  properly 
gauged.  In  his  investigations  upon  various  skin  diseases,  especially 
prurigo,  Grosz  (109)  took  into  consideration  the  chloride  intake,  andjhis 
results  are  accordingly  more  reliable  ;  he  came  to  the  conclusion  that  the 
chloride  output  was  increased,  but  that  in  skin  diseases  periods  of  chloride 
retention  alternated  with  periods  of  increased  elimination,  an  idea  which 
seems  quite  compatible  with  the  known  relations  of  sodium  chloride  to 
the  water  in  the  tissues ;  unfortunately,  Grosz  only  happened  on  the 
periods  of  increased  secretion.  Jacquet  and  Portes  (110)  assert  that  they 
met  with  increased  output  of  inorganic  bodies  in  proportion  to  organic 
in  the  urine  of  a  patient  with  alopecia ;  the  chlorides  were  increased 
while  the  phosphates  and  sulphates  were  diminished.  The  observations 
upon  this  case  led  them  to  associate  the  increase  of  chlorides  in  the  urine 
with  the  decrease  of  chlorides  and  alkalis  in  the  blood. 

Gampana  and  Condelli  (111)  found  in  certain  neuropathic  "derma- 
toses" an  increase  of  alkaline  salts  in  the  urine.  This  agrees  with 
Soetbeer's  researches  on  phosphaturia  (112). 


VI.-SKIN  DISEASES  AND  THE  BLOOD. 
A.— EFFECT  OF  DERMATOSES  ON  THE  BLOOD. 

It  is  not  easy  to  distingniwh  clearly  between  blood  changes  which 
are  the  direct  effect  of  skin  disease  and  those  which  may  be  regarded  as 
due  to  a  general  disturbance  of  nutrition.  As  a  rule,  such  changes  as 
have  been  observed  take  the  form  of  a  decrease  in  the  blood  doosity,  a 
deficiency  of  red  corpuscles  and  hemoglobin,  or  relative  and  often  abso- 
lute increase  of  leucocytes.  These  changes  are  so  common  that  they  must 
be  reckoned  rather  as  a  sign  of  ill-health  in  general  than  as  a  characteriatio 
of  any  particular  disease.  It  is  also  quite  clear  from  the  literature  on 
the  subject  that  the  blood  changes  depend  more  upon  attendant  circum- 
stances than  upon  the  skin  lesions  primarily.  For  instance,  an»mia  has 
been  ascribed  to  ahnost  every  skin  disease,  but  the  same  diseases  are  often 
reported  unaccompanied  by  anemia ;  and  we  know  that  without  any 
blood  change  sleeplessness  and  loss  of  appetite  from  skin  diseases 
will  produce  a  pallor  of  the  skin  and  mucous  membranes  which  may  be 
explained  by  some  defective  filling  of  the  bloodvessels  generally  and  a 
reduction  of  the  amount  of  blood,  a  matter  of  which  little  is  yet  known.  '■ 
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1.  Blood  Coneentntlon. 

(a)  Skin  Diseases. 

On  a  priori  grounds  the  concentration  of  the  blood  may  be  expected 
to  be  altered  in  many  skin  diseases.  The  increase  of  perspiration,  the 
extension  of  the  disease  to  secreting  surfaces,  or  the  draining  of  fluid 
from  the  blood  into  the  pustules,  would  suggest  that  some  change  in  the 
density  of  the  blood  and  serum  may  result — an  increased  viscosity  if 
we  argue  from  other  pathological  experiences — although  in  chronic 
nephritis  with  a  constant  drain  of  albumin  from  the  blood  hydrssmia  may 
coexist  [Quincke  (28),  Bieling  (29),  B.zetkowski  (249)].  Schlesinger's 
researches  (113)  by  Hammerschlag's  method  point  rather  in  the  former 
direction.  In  pemphigus  the  specific  gravity  of  the  blood  remained 
practically  normal,  or  very  slightly  raised.  During  the  eruption  of  the 
bulks  there  was  often  a  marked,  but  short-lasting,  increase  in  the  blood 
density,  while  the  serum  density  was  hardly  affected,  so  that  evidently  a 
decrease  of  the  total  serum  bulk  results  from  the  flow  into  the  bulks.  In 
moist  eczema  the  blood  density  is  normal,  with  occasional  viscidity,  and 
even  after  long  continuance  of  the  disease  and  consequent  anaptmia  the 
blood  density  is  very  little  altered,  while  but  rarely  is  there  a  deficiency 
of  albumin  in  the  serum. 

A  marked  increase  of  the  blood  density  has  been  reported  as  the 
result  of  severe  bums  [Baradue  (114),  Tappeiner  (115),  Schlesinger  and 
Hock  (116)].  According  to  the  latter  it  fiuctuates  between  1065  and 
1073,  and  in  the  course  of  two  days  after  the  accident  often  falls  again. 

The  phenomena  have  not  yet  been  explained.  Tappeiner's  theory 
of  the  transudation  of  a  fiuid  rich  in  plasma  into  the  tissues  does  not  hold 
good  for  all  cases.  The  specific  gravity  of  the  serum  in  the  bullae  of 
vesicular  eruptions  is,  as  a  rule,  slightly  below  that  of  the  blood-serum, 
although  in  herpes  zoster  it  is  exceptionally  high.  Schlesinger  gives  the 
following  table : 


Skin  Affeaion, 

Specific  Gravitw 
ofSeruminBuua. 

Specific  Oravify  of 
Elood-Hrum. 

Average 

Denaity  of 

Serum  in  BuOcB. 

Urtioaria 

Erythema  multif onne 
Erysipelas  bullosum 
Preeeure  blisters 
Eczema               . . 
Arttfioial  blisters 
Bum  blisters 

Pemphigus 
Herpes  zoster 

102&-1030 
1025-1029 
1025-1030 
1023-1024 
1021-102S 
101»-1027 
101»-1029 
1027-1029 
1018-1030 
1031-1042 

1031    -1031-5 
1030   -1031-5 
1030   -1031 
1029   -1031 
1029-6-1031 
1029-5-1032 
1028-5-1031-6 
1030-6-1031 

1028  -1032 

1029  -1031-5 

1028-5 
1026 
1027 
1023-6 
1022-5 
1024-5 
1026 
1028 
Very  Tariable. 
1036 

The  blood  density  was  found  to  be  normal  in  a  lichen  ruber  without 
cachexia,  leprosy,  psoriasis,  idiopathic  multiple  pigmentary  sarcoma, 
prurigo,  and  erythema  midtiforme,  while  in  the  acute  hsemorrhagic 
skin  diseases — e.g.,  morbus  maculosus  Werlhofii — ^it  falls  considerably. 
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(6)  Syphilis. 

In  syphilis  the  blood  density  is  very  variable.  From  the  analogy  of 
the  other  blood  changes  in  this  disease  it  may  be  fairly  correct  to  infer 
that  a  decreased  density  is  the  rule  ;  but  the  reports  are  very  contradic- 
tory [Valerio  (117),  Verrotti  (118),  Daooo  (110)]. 


2.  Brythrooytes  and  Hsmoglobln. 

(a)  In  Skin  Diaeaua. 

When  the  general  health  is  unaffected,  the  blood  count  shows  no 
change  in  either  red  corpuscles  or  haemoglobin,  although  probably  many 
skin  diseases  affect  by  preference  anaemic  persons  pdaoco].  Changes 
corresponding  to  anaemia  gravis  are  described  in  pemphigus  [Radaeli  (36)], 
leprosy  [Winiarski  (120)],  xerodermia  pigmentosum  [Okamura  (121)], 
sarcomatosis  cutis  [Eotposi  (122)],  pityriasis  rubra  [Jourdanet  (123)], 
severe  syphilis,  and  other  dermatoses ;  although  in  ahnost  all  of  these 
diseases  the  blood  count  has  in  some  cases  been  absolutely  normal,  when 
perhaps  the  decrease  of  the  total  blood  bulk  referred  to  previously  may 
account  for  the  pallor  of  the  patients. 

In  eczema,  psoriasis,  dermatitis  exfoliativa,  lichen  ruber  planus, 
prurigo,  acne,  and  lupus  vulgaris,  Dacco  found  the  red  corpuscles  and 
haemoglobin  normal,  although  in  some  cases  there  was  slight  anaemia. 
Radaeli  (36)  found  no  alteration  in  seven  cases  of  lichen  ruber.  In 
erythema  there  is  often  a  slight  anaemia  [Neumamn  (124)].  In  psoriasis, 
according  to  many  observers  [Zelenew  (125)  and  others,  but  not  Schle- 
singer  (113)],  a  deficiency  of  haemoglobin  occurs,  as  in  chlorosis.  In 
gonorrhoea  a  fall  in  the  red  corpuscles  and  haemoglobin  has  been  demon- 
strated [Giorgi  (126)],  though  Eserteau  (127)  found  the  blood  count 
normal  as  a  rule,  with  occasionally  a  slight  anaemia, 

(6)  Bums. 

In  extensive  bums  one  naturally  meets  with  the  most  destructive 
changes.  The  blood-corpuscles  shrivel,  become  crenated,  or  break  up 
into  the  form  of  microcytes  and  d6bris,  or  lose  their  haemoglobin  and 
become  mere  outlines  (83,  128). 

The  blood-corpuscles  probably  succumb  to  the  direct  effect  of  the 
heat.  Their  remains  may  block  the  smaller  vessels  and  produce  throm- 
boses. By  such  means  it  is  supposed  that  ulceration  of  the  stomach 
and  duodenum  is  caused,  although  Wilms  (1)  and  Weidenfeld  (106) 
have  thrown  considerable  doubt  on  these  occurrences,  and  have  actually 
demonstrated  a  diminished  coagulability  of  the  blood  in  bums. 

Lesser  r^ards  the  destmction  of  blood-corpuscles  as  the  direct  cause 
of  death.  Hoppe-Seyler  (82)  has  raised  the  objection,  however,  that 
even  in  severe  and  extensive  bums  the  number  of  corpuscles  destroyed 
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and  the  amount  of  hsemoglobin  liberated  are  relatively  very  small.  If 
the  whole  surface  of  the  body  were  bumt^  about  6  per  cent,  of  the  cor- 
puscles might  be  destroyed — t.e.,  if  the  total  mass  of  blood  were  6  kilo- 
grammes, some  5  grammes  of  blood  would  undergo  disintegration. 

The  red  blood-corpuscles  sometimes  rise  to  8,000,000  per  c.c.  in  severe 
bums,  a  number  which  stands  in  relation  to  the  increased  viscosity 
[Tappeiner,  Wilms]. 

(c)  Syphilis. 

Diversity  of  results  and  theories  characterize  the  work  on  so  protean 
a  disease  as  syphilis.  Its  various  stages,  its  universal  distribution  in 
great  cities,  and  its  coincidence  with  other  diseases,  all  tend  to  make  the 
research  difficult  and  inconclusive. 

In  older  works  the  destruction  of  red  corpuscles  was  emphasized  (129). 
The  decrease  in  haemoglobin  has  also  been  pointed  out  (130).  Badaeli 
(130)  compared  the  annmia  of  the  secondary  stage  to  that  of  chlorosis. 
Becker  (146),  Smirjagin  (131),  and  Verrotti  (118)  attach  no  importance  to 
a  deficiency  of  red  cells  in  secondary  syphilis.  Other  workers  allow  that 
it  occurs  constantly  in  a  slight  degree  (130,  136,  132,  110).  Opinions 
differ  as  to  the  time  when  the  blood  changes  start.  Some  place  them 
in  the  primary  stage  only  (130,  133) ;  others  exclude  the  primary  stage 
[Bille  (134)]. 

Neumann  and  Konried  (135,  136)  described  an  oligocythsemia  and 
oligochromsemia  as  peculiar  to  the  tertiary  stages.  The  red  corpuscles 
seem  to  be  more  frequently  affected  in  hereditary  syphilis  in  children  than 
in  adults  with  the  acquired  form.  Loos  (130),  in  mild  cases  of  hereditary 
syphilis,  found  the  number  of  red  cells  practically  normal  and  the  haemo- 
globin slightly  deficient,  while  in  more  severe  cases  there  was  fairly 
frequently  marked  poikflocytosis  with  m^alocytes  and  microcytes, 
polychromatophilia,  and  a  great  increase  of  nucleated  red  cells,  together 
witii  siderosis  of  the  liver  and  spleen. 

Blood  platelets  have  been  described  in  a  case  of  syphilitic  anaemia 
[Losdorfer  and  Vomer  (137)].  Several  authors  who  have  studied  the 
question  of  the  resisting  power  of  the  erythrocytes  in  syphiUs  have 
reported  that  it  is  more  or  less  diminished  (117,  118,  138). 

It  is  unanimously  agreed  that  under  mercurial  treatment  the  blood  is 
soon  restored  to  its  normal  state  [Bieganski  (130),  Oppenheim  and 
Lowenbach  (132),  Beiss  (130)].  Justus  (139),  whose  observations 
extended  over  a  long  time,  describes  a  sudden  faU  in  haemoglobin  just  at 
the  beginning  of  the  administration  of  mercury.  This  he  attributes 
to  the  diminished  resistance  of  the  red  cells,  and  regards  it  as  a  diagnostic 
sign  and  specific  reaction  of  syphilis. 

The  investigations  of  Cabot,  Martins,  and  D.  H.  Jones  are  actually 
reliable,  but  those  of  the  majority  of  authors  (132,  136,  140)  yield  such 
contradictory  results  that  Justus's  reaction  may  no  longer  be  considered  as 
absolutely  diagnostic.  In  one  class  of  case,  however,  the  deficiency  in 
haemoglobin  was  observed  before  the  mercurial  treatment  was  begun 
[Feuerstein  (136),  Oppenheim  and  Lowenbach  (132)]. 
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Samberger  (138)  describes  an  increase  of  urobilin  in  the  urine  at  the 
beginning  of  the  mercurial  treatment,  which  he  attributes  to  a  "  pleio- 
ohromia/'  from  the  destruction  of  blood*corpuscles,  with  a  subsequent 
increased  formation  of  urobilin  in  the  intestine. 


3.  Leueooytes. 

Leuoocjrtosis  is  very  common,  though  not  absolutely  constsoit,  in 
many  skin  diseases,  except,  of  course,  in  those  which  arise  from  leu* 
chnmia ;  but  the  variations  in  the  differential  count  are  of  more  interest 
than  the  absolute  increase  of  leucocjrtes. 

(a)  Leucooyiasis,  with  Retative  Increase  of  Polywudear  OeUa. 

The  leucocytosis  seen  in  many  cases  of  lichen  ruber,  eczema,  syphilis, 
and  mycosis  fungoides  belongs  to  this  class  [Radaeli  (36),  Dacco  (119), 
Oppenheim,  Lowenbach,  and  Loos].  In  those  cases  of  pemphigus  in 
which  pronounced  eosinophilia  is  absent,  the  polynudear  neutrophile 
cells  are  often  increased  at  the  expense  of  the  lymphocytes,  the  large 
mononuclears  and  the  transition  forms  remaining  unaffected  [Radaeli]. 
In  erysipelas  an  ahnost  complete  polynudear  leucocytosis,  with  absence 
of  the  other  cells,  especially  eosinophiles,  is  described  [Zappert  (141)]. 

(6)  Leucocykms  with  BehUive  Increase  of  Lymfphocytes, 

According  to  Dacco,  this  occurs  almost  constantly  in  psoriasis,  the 
polynudear  cells  showing  considerable  decrease.  In  prurigo  the  same 
dumge  is  found  with  simultaneous  increase  of  eosinophiles  (142,  150). 
A  characteristic  lymphocytosis  has  recently  been  described  in  pellagra, 
with  a  slight  absolute  leucocjrtosis  (143).  It  is  remarkable  that  such  an 
important  change  should  have  been  previously  overlooked,  for  Neusser 
(143)  found  only  an  eosinophilia. 

A  special  interest  attaches  to  mycosis  fungoides  on  account  of  the 
suggestion  that  it  may  be  due  to  a  lymphadenia  of  the  skin.  In  spite 
of  the  simple  polynudear  leucocytosis  described  by  Fabre,  Lukasiewicz, 
Wolters  and  Sereni  (145),  pronounced  lymphocytoisis  [even  60  per  cent. 
of  lymphocjrtes,  Allgeyer]  has  been  so  often  found  [Bensaude,  Leredde, 
Allgeyer,  Jadassohn,  Ebstein-Schwalbe  (144)]  that  it  is  very  difficult 
to  deny  that  the  blood  changes  may  have  a  positive  pathognomonic 
importance  in  a  disease  such  as  this,  where  the  diagnosis  is  so  difficult. 
The  idea  is  gaining  ground  that  mycosis  fungoides  should  be  classed 
among  the  dermatoses  secondary  to  diseases  of  the  blood  [Brandweiner, 
BadaeU  (250)]. 

According  to  the  majority  of  writers,  secondary  syphilis  is  usually 
associated  with  considerable  leucoc3rtosis,  in  which  the  lymphocytes 
preponderate.  Virchow  noted  this  in  1869,  and  attributed  the  lympho- 
cytosis to  the  general  adenitis.  The  authorities  differ.  Bieganski, 
Antse,  Bille  and  Becker  (146),  report  a  slight  leucocytosis  with  marked 
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increase  of  lymphocytes  ;  Dacoo,  Oppenheim  and  Loweabach,  and  Haack 
(252)  were  unable  to  note  a  lasting  leuoocytosiB  in  the  secondary  stage ; 
Badaeli  (130)  maintains  that  there  is  no  absolute  leucocytosis,  only  a 
relative  increase  of  polynuclear  cells  at  the  expense  of  the  mononuclear 
and  transition  forms ;  Dacco  (130),  Sabrazte  and  Matthis  (132),  and 
Verrotti  (118)  only  met  with  lymphocytosis  in  five  cases  out  of  thirty. 
Badaeli  and  Loos  (130)  have  recorded  the  presence  of  myeloplaques  in 
the  blood  in  severe  cases. 

Cabral  de  Lima  (251),  in  an  examination  of  twenty-five  oases  of 
leprosy,  found  a  constsoit  deficiency  of  polynuclear  cells  (23  per  cent,  to 
69  per  cent.),  an  increase  of  lymphocytes  in  all  save  one  case,  the  large 
mononuclears  being  increased  in  sixteen  cases,  normal  in  eight,  and 
decreased  in  one  case,  but  the  total  of  lymphocytes  and  large  mono- 
nuclears together  was  in  every  case  above  the  normal.  There  was  no 
constancy  in  the  number  of  eosinophiles  ;  they  were  found  in  some  cases 
increased,  in  others  normal  or  diminished.  The  mast  cells  were  in  every 
case  normal. 

(c)  EoainaphUia. 

This  change  has  been  described  both  in  the  blood  and  the  serum  of 
the  bulks  in  pemphigus  [Neusser,  GoUasch,  Lukasiewicz  (143),  Oanon 
(147),  Selenew  (241)],  also  in  pellagra,  eczema,  prurigo,  psoriasis  [Oanon] ; 
but  it  appears  to  be  confined  to  a  small  group  of  skin  diseases.  It  only 
occurs  in  aproportion  of  the  cases  of  eczema ;  in  the  artificial— occupation 
— 'Varieties  it  is  generally  absent  [Peters  (142)].  In  psoriasis  eosino- 
philia  rarely  occurs.  The  same  remark  may  be  applied  to  syphilis 
[Rille  and  Peter]. 

The  diseases  in  which  eosinophilia  most  constantly  occurs  are  pem- 
phigus and  prurigo.  In  the  latter  the  percentage  of  eosinophiles  may 
reach  17*2  per  cent.,  and  even  in  the  mildest  cases  rarely  falls  to  2*5  per 
cent.  [Peter,  an  analysis  of  thirty-one  cases].  This  sign  may  be  of 
value  in  the  differential  diagnosis  between  prurigo  and  certain  cases  of 
urticaria,  strophulus,  etc.,  although  it  is  not  absolutely  pathognomonic 
of  prurigo  [Jadassohn].  Owing  to  the  doubtful  etiology  of  prurigo, 
perhaps  a  separate  class  should  be  made  of  those  cases  associated  with 
eosinophilia. 

Leredde  some  years  ago  similarly  proposed  to  differentiate  derma- 
titis herpetiformis  of  Diihring,  pemphigus  foliaceus  and  vegetans  from 
pemphigus  vulgaris,  because  it  was  only  in  the  former  diseases  and  their 
near  allies,  herpes  gestationis  and  Wilson's  hydroa  vacciniforme,  that 
a  simultaneous  eosinophilia  of  the  blood  and  serum  of  the  bulks  is  met 
with  (153).  On  the  other  hand,  many  authors  (amongst  whom  we  count 
ourselves)  entirely  reject  Leredde's  theory  [Gaucher  and  Claude,  Hallo- 
peau,  Jadassohn,  E^aposi  (154),  BadaeU  (36),  Dacco  (110)].  However, 
the  question  must  remain  unsettled  so  long  as,  clinically,  many  cases  of 
dermatitis  herpetiformis  cannot  be  distinguished  from  pemphigus. 
Eosinophilia  in  the  bullss  is  hardly  ever  seen  apart  from  pemphigus. 
Bettmann  (155)  found  it  absent  in  the  bullss  of  eczema,  herpes  labialis, 
varicella,  miliaria,  and  in  nine  cases  of  herpes  zoster,  while  it  was  very 
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pronounced  in  the  tenth.  Daiier  (163)  in  a  case  of  leprosy  with  61  per 
cent,  eosinophiles  in  the  blood,  could  not  demonstrate  eosinophilia  in  the 
bulks.  (Gaucher,  Barbes  and  Claude  (164),  on  the  contrary,  found 
eosinophiles  in  tiie  bulks  of  herpes  and  ecthyma,  and  Sabrazes  in 
dyshidrosis.  It  is  remarkable  that  in  cases  of  bums  eosinophilia  is 
found  neither  in  the  bull»  nor  in  the  blood  [Neusser  and  Bettmann]. 

No  obvious  connection  exists  between  the  number  of  eosinophile  cells 
in  the  blood  and  in  the  bulls,  for  the  blood  may  be  rich  in  them,  while 
they  are  absent  from  the  bulls,  and  vice  versa  [(Gaucher  and  Bensaude 
(166),  Darier  (163),  Bettmann]. 

Neusser  has  observed  that  eosinophilia  only  occurs  in  the  *'  pathog- 
nomonic "  form  of  pemphigus,  and  is  absent  from  blisters  raised  arti- 
fidaUy.  Bettmann,  who  was  unable  to  corroborate  this,  suggests  that 
the  age  of  the  bullie  may  affect  the  question,  and  that  eosinophile  cells 
are  only  found  when  the  blisters  are  quite  fresh. 

A  very  important  case  of  pemphigus  has  been  published  by  Neusser 
(143),  in  which,  notwithstanding  marked  eosinophilia  in  the  blood,  the 
marrow  in  the  long  bones  was  normal.  Neusser  and  Bille  (134)  claim 
from  this  that  eosinophile  oeUs  may  be  actually  formed  in  the  skin,  in 
spite  of  the  general  view  that  they  take  their  origin  from  certam  struc- 
tures in  the  bone-manow  [Ehrlich  (166)]. 

The  general  pathological  importance  of  eosinophilia  is  very  great, 
although  the  exact  etiological  factors  are  not  yet  determined. 

Diseases  in  which  eosinophilia  exists  in  the  blood  associated  with  skin 
affections  are  bronchial  asthma  and  certain  parasitic  diseases,  such  as 
trichinosis  and  filariasis.  The  combination  of  asthma  with  dermatoses — 
e.g.,  psoriasis  and  eczema — has  often  been  described. 

Further  research  is  necessary  in  order  to  define  the  laws  which  govern 
these  remarkable  coincidences.  If  eosinophilia  were  carefully  studied  in 
its  relation  to  the  various  stages  of  the  disease  in  which  it  occurs,  some 
fresh  light  might  be  thrown  on  the  subject.  It  is  certain,  for  instance, 
that  asthma  is  associated  with  a  considerable,  though  transient,  eosino- 
philia in  the  blood.  The  eosinophilia  only  exists  during  certain  stages 
of  the  asthmatic  attack,  and  disappears  in  adults  who  have  suffered  long 
from  it,  or  in  whom  a  chronic  muco-purulent  bronchial  catarrh  is  present. 
Such  periodic  variations  and  interdependence  of  complications  will  most 
probably  be  observed  in  connection  with  skin  diseases. 

A  new  chapter  has,  however,  been  opened  by  the  more  recent  investi- 
gations upon  the  phagocytic  powers  of  the  eosinophile  cells  [Wright  (263)]. 
A  general  discussion  of  the  subject  is  to  be  found  elsewhere,  but  brief 
mmtion  should  be  made  of  the  altered  rate  of  phagocytosis  manifested 
by  the  eosinophile  cells  in  certain  diseases  of  the  skin.  Bushnell  and 
Williams  (264)  have  demonstrated  a  diminution  in  the  phagocytic  power 
of  the  eosinophile  cells  of  the  blood  in  a  case  of  dermatitis  herpetiformis. 

(d)  Most  CeUs. 

These  are  slightly  increased  in  psoriasis,  eczema  and  prurigo  [Oanon 
(147)].      In  pemphigus  foliaceus  the  proportion  of  mast  ceUs  has  been 
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found  to  rise  from  the  normal  1  :  400  to  1  :  100.  Baaophile  mono- 
nuclear  cells  may  increase  in  this  disease,  but  more  especially  in  urticaria 
pigmentosa  (Leredde  (158)]. 


4.  Alkalinity  of  the  Blood—Isotonla. 

Tschlenoff  (159)  reports  that  the  alkalinity  of  the  blood  is  normal  in 
favus,  herpes  tonsurans,  pruritus,  alopecia,  lupus,  tuberculosis  cutis, 
atrophy  of  the  skin,  but  is  slightly  diminished  in  diseases  which  may 
interfere  with  the  general  health,  such  as  sclerema,  dermatitis  herpeti- 
formis, purpura,  eczema,  erythrodermia,  pemphigus,  psoriasis,  erythema 
ezudativum,  lichen  ruber  [Landois'  method  (159)].  Dacco  (160)  confirms 
these  results  in  the  main,  but  finds  that  in  eczema  the  degree  of  alkalinity, 
although  frequently  diminished,  varies  in  some  way  with  the  outbreaks 
of  the  eruption.  Badaeli  (36)  and  Dacco  (188)  found  the  alkalinity 
normal  in  lichen  ruber. 

Seeing  that  actual  decrease  in  alkalinity  has  only  been  proved  in 
severe  cases  of  diabetes,  in  very  acute  fevers,  and  in  the  last  stages  of 
inanition,  these  results  in  skin  diseases  must  be  accepted  with  reserve. 
Methods  for  the  determination  of  the  alkalinity  of  the  blood  are  as 
various  as  they  are  unreliable.  Badaeli  (36)  found  the  isotonia  of  the 
blood  normal  in  lichen  ruber. 


5.  Proteins  of  the  Blood—Toxines  and  Antitoxines. 

JoUes  and  Oppenheimer  (161),  working  with  the  method  suggested 
by  JoUes  (volumetric  estimation  of  nitrogen  gas)  upon  the  albumin  of 
the  blood  in  the  several  stages  of  syphilis,  found  that  the  amount  was 
constantly  normal,  and  was  unaffected  by  treatment. 

Quinquaud  (161)  claims  toxic  properties  for  the  blood-serum  in 
generalized  eczema  ;  and  in  cases  of  bums  many  authors  who  described 
toxines  in  the  urine  have  found  the  same  in  the  blood  [Kijanitzin, 
Dohm  (101)].  According  to  Dietrichs  (162),  auto-,  iso-,  and  hetero- 
lysin,  also  agglutinin,  are  formed  in  the  blood  of  guinea-pigs  who  have 
been  subjected  to  scalding,  though  Kreibich  (163)  contradicts  this. 

Our  knowledge,  however,  of  substances  of  this  kind  is  very  scanty. 
We  can  only  speak  in  general  terms  of  a  theoretical  action  of ''  antibodies," 
cytotoxines,  and  cytolysins,  in  regard  to  the  production  of  many  derma- 
toses. Even  if  it  is  going  too  far  to  suggest  that  the  exanthems  of 
pregnancy — 6.^.,  herpes  gestationis — are  the  expression  of  some  reflex 
action  of  cytolysins  through  the  central  nervous  system,  yet  the  prob- 
ability of  some  of  the  complications  in  pregnancy,  such  as  nephritis, 
being  due  to  their  local  effects  is  very  great. 

Food  eruptions  and  the  enterogenous  dermatoses,  particularly  those 
caused  by  errors  in  metabolism — e.g.,  diabetes  mellitus,  etc. — seem  almost 
irresistibly  attributable  to  a  reaction  of  the  organism  to  the  presence  of 
protein  derivatives  or  pure  proteins  into  the  blood. 
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The  whole  gioup  of  skin  affectionB  which  occur  at  puberty  suggest 
that  the  generative  organs  pour  into  the  blood  some  secretion  which 
possesses  cytolytic  and  ohemiotactic  properties,  and  whose  affinity  for 
the  cells  of  the  skin  sets  up  there  an  inflammatory  reaction.  It  is  well 
known  that  the  most  careful  attention  to  the  skin  will  not  prevent  these 
dermatoses  of  puberty,  and,  clinically,  the  only  explanation  that  seems 
possible  is  that  the  supply  of  the  irritant  is  being  constantly  renewed  by 
the  blood. 

6.  Serum  Bzantbems. 

These  eruptions  present  a  type  of  the  skin  disease  which  manifests 
itself  as  the  reaction  of  the  organism  to  some  highly  complex  molecular 
compound  introduced  into  the  system.  Formerly  it  was  supposed  that 
the  rashes  were  merely  the  mechanical  result  of  precipitation  in  the 
blood-stream  obstructing  the  circulation  [Hamburger  and  Moro  (164)], 
but  this  theory  is  untenable,  since  Rostosky,  Oppenheimer  and  Michaelis 
have  proved  tiiat  precipitation  does  not  take  place  in  living  blood  (166). 
But,  apart  from  the  absence  of  precipitation  in  living  blood,  no  abso- 
lute  connection  can  be  established  between  the  formation  of  precipitin 
and  the  serum  eruption,  for,  on  the  one  hand,  precipitin  does  not  appear 
until  long  after  the  rash,  and,  on  the  other  hand,  a  severe  rash  may  be 
quite  unaccompanied  by  precipitin  [Francioni,  Marfan,  Pirquet  and 
Schick  (166)]. 

Still,  it  is  most  probable  that  the  serum  exanthems  do  in  some  way 
depend  upon  antibodies  formed  by  the  organism  in  response  to  the  serum 
injected.  If  they  are  not  identical  with  precipitin  itself,  they  are,  at 
any  rate,  concerned  in  some  unknown  manner  with  the  formation  of 
antitoxine. 

Very  little  is  known,  unfortunately,  of  the  proteins,  which,  from 
their  peculiar  nature,  or  from  defective  absorption  due  to  disease  of  the 
intestine,  find  their  way  into  the  blood,  nor  is  the  part  played  by  the 
absorption  of  the  antibodies  thus  produced  sufficiently  understood  to 
enable  us  to  fully  explain  the  origin  of  the  enterograious  dermatoses 
(ab  inguUs  and  ab  iiUetiino  Iomo).  We  can  only  surmise  that  in  some 
such  process  is  concealed  the  secret  of  the  autotoxic  dermatoses. 


B.— EFFECT  OF  BLOOD  CHANOES  OH  THE  SKIN. 

No  sharp  border-line  separates  the  influence  which  diseases  of  the 
blood  or  blood-forming  organs  exert  upon  the  skin.  From  the  fore- 
going chapter  it  seems  probable  that  the  dermatoses  mentioned  are  not 
examples  of  primary  diseases  of  the  skin  directly  affecting  the  blood, 
but,  rather,  tiiat  the  skin  changes,  and  the  increased  amounts  of  eosino- 
phile  cells  which  find  their  way  from  the  bone-marrow  into  the  blood  and 
bull»,  are  the  simultaneous  results  of  some  poison  circulating  in  the 
blood.  Leiedde  (161)  has  suggested  that  the  pathological  changes  in 
the  marrow  and  blood  may  be  the  primary  and  determining  factor  in 
the  dermatosis.    Mycosis  fungoides  is  an  instance  of  a  disease  which  has 
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been  variously  explained  as  being  primarily  either  a  skin  disease  or  a 
lymphsemia. 

With  so  many  border-line  cases  in  which  cause  and  effect  are  indis- 
tinguishable, there  are  few  enough  skin  diseases  left  of  which  we  can  say 
that,  clinically,  the  disease  of  the  hemopoietic  system  is  the  primary 
factor.  The  chief  instances  are  purpura,  morbus  maculosus  Werlhofii, 
etc.,  and  the  skin  changes  of  leuchadmia  and  pseudo-leuchsemia  (255). 

The  cutaneous  hssmorrhages  which  characterize  purpura^  and  the 
allied  conditions  we  are  accustomed  to  r^ard  as  secondary,  because 
pathological — t.e.,  inflammatory — changes  are  absent.  In  this  category 
come  also  the  cutaneous  haemorrhages  of  certain  poisons  like  the  aniline 
arseniates,  and  of  jaundice,  etc.  [Herringham  (257)]. 

1.  Hsmorrhagle  Diatheses. 

The  particular  toxine  in  the  blood  which  is  the  cause  of  the  hsemor- 
rhagic  diathesis  is  still  unknown,  so  that,  in  discussing  the  blood  changes 
in  this  condition,  it  must  be  remembered  that  the  changes  themselves  are 
probably  only  symptomatic,  and  are  concomitant  with,  rather  than 
causal  of,  the  skin  condition  [Sahli  (257)].  Hayem  (167),  after  careful 
investigation,  suggests  that  the  coagulability  of  the  blood  may  be  altered 
in  purpura.  Possibly  the  coagulum  does  not  separate  properly  from  the 
serum  (deficient  transudation  of  serum,  deficient  contraction  of  clot). 
Morphologically,  the  number  of  blood  platelets  may  be  less  than  normal. 
Bensaude  and  Sicard  agree  with  Hayem  (168  and  169),  but  Apert  and 
Allacia  (170  and  171)  were  unable  to  confirm  Hayem's  results.  Very 
contradictory  statements  have  been  made  not  only  as  to  the  behaviour 
of  the  serum,  but  also  as  to  the  red  and  white  corpuscles  in  purpura. 

Apert  and  Allacia  found  the  red  cells  and  hiemoglobin  to  be  sub- 
normal. Spietschka  (172),  on  the  contrary,  observed  numerous  nucleated 
red  cells  in  two  cases  of  purpura  with  profound  ansemia. 

Lenoble  (173)  distinguished  the  following  blood  changes  : 

1.  A  purpura  myAoide. 

2.  Purpuric  eruptions  with  slight  rSaction  myOocyiaire. 

3.  Simple  purpuric  eruptions. 

He  considers  "  deficient  contraction  of  the  clot  and  deficient  transu- 
dation of  serum  "  [Hayem  Bensaude]  characteristic  of  myeloid  purpura, 
while  it  is  accompanied  by  the  appearance  of  nucleated  red  cells  (chiefly 
normoblasts),  of  myelocjrtes  (usually  neutrophile,  sometimes  eosinophile), 
and  a  scarcity  of  hiematoblasts,  which  show  a  tendency  to  disintegration 
and  the  formation  of  clumps. 

^  The  term  *'  purpura  "  oovers  several  conditionB  of  widely  differing  etiology.  Unna 
distingoiBheB  the  lollowing  varietieB : 

1.  Bleeding  per  rhexia,  as  in  hemophilia,  dae  to  deficient  retraction  and  elasticity 


of  the  arterioles  of  developmental  origin. 
2.  Bleeding  per  diapeiesia — 


(a)  From  hvpoetatic  congestion  in  marasmic  conditions ; 

(b)  From  oDstmction  of  capillaries  by  bacterial  emboli  or  frap^ments  of  growth  ; 
(e)  From  direct  changes  in  Uie  capillaries — e.g.,  amyloid,  toxic,  etc. ; 

(d)  From  spontaneous  clotting  with  disintegration  of  hsmatoblasts  [Hayem]. 


SKIN  DISEASES  775 

Occasional  chaQges  met  with  are  : 

Slight  leucocytofiis  (10,000  to  25,000  per  centimetre),  with  relative 
increase  of  lymphocytes,  luBmpglobin  reduced  out  of  proportion  to  the 
red  corpuscles,  and  unusual  reticulation  (EigeftUilmlichkeiten  des  "  Reti- 
culuma  "). 

Purpura  with  rSadion  mySoeytaire  aUenuie  is  characterized  by  the 
presence  of  myelocytes  and  of  transition  forms  between  these  and  neutro- 
phile  polynuclear  cells ;  while  the  transudation  of  serum  is  often  normal, 
and  the  hsematoblasts,  erythrocjrtes,  and  leucocytes  are,  as  a  rule,  in 
normal  amount. 

The  so-caUed  simple  purpuric  eruptions  are  those  in  which  the  blood 
shows  no  particular  changes,  either  in  the  number  or  form  of  its  cor- 
puscles. 

A  single  case  of  purpura  hamorrhagica  apparently  cured  by  the 
rectal  injection  of  antistreptococcic  serum  is  by  itself  of  little  value  in 
explaining  the  condition,  but  it  may  serve  to  direct  attention  to  a  tozine 
as  the  probable  cause  of  this  condition  [Fenwick  and  Parkinson  (258)]. 


2.  Lenehsmla  and  Pseudo-lenehamia. 

The  cutaneous  haemorrhages  in  leuchadmia  and  pseudo-leuchsBmia 
present  more  varied  appearances  than  does  the  hemorrhagic  diathesis  ; 
indeed,  dermatology  is  flooded  with  a  wealth  of  detailed  statements  on 
the  subject.    From  these  the  following  classification  may  be  selected  : 

1.  Eczematous  and  lichen-like  eruptions. 

2.  Diffuse  infiltration  and  thickening  of  the  skin,  with  swollen  folds 
of  skin  separated  by  deep  furrows  (facies  leontina)  (174). 

3.  Circumscribed  tumours,  varying  in  size  from  a  pin's  head  to  a  fist, 
with  diapedesis  of  blood  (175,  259). 

4.  Intense  irritation,  with  swelling  of  glands  not  involving  the  skin 
Pubreuilh  (260)]. 

5.  Cutaneous  luemorrhages. 

Hitherto  the  occurrence  of  tumours  has  only  been  described  in  lym- 
phatic leucluBmia,  and  very  rarely  in  myelogenous  leuchiemia,  although 
we  have  seen  it  in  the  latter  disease  ourselves.  White  flat  tumours 
appear  on  the  lower  limbs,  the  skin  being  only  slightly  movable  over 
them.  Similar  changes  in  the  skin  of  a  more  protean  character  are  met 
with  in  pseudo-leuchffimia ;  sometimes  they  are  pruriginous  or  lichen- 
like rashes  [Wagner,  Joseph  (176)],  sometimes  they  are  eruptions  com- 
parable to  pityriasis  rubra  [Peter  (178)],  sometimes  they  are  dermatoses 
which  are  baiely  erythematous  [Wassermann  (170)],  sometimes  they  are 
tumours  [Arming,  Unna,  FrohUch  (177)].  Many  authorities  are  unde- 
cided whether  the  prurigo  is  not  perhaps  the  primary  event,  and  the 
tumour  and  lymphsmia  associated  may  not  result  from  the  excoriation 
of  the  skin  [Peter,  Lassar].  To  this  dass  probably  belongs  the  disease 
described  by  Kaposi  (180)  as  "  lymphodermia  pemiciosa."  Lastly,  it  is 
possible  that  many  oases  of  mycosis  fungoides  are  the  expression  of 
primary  changes  in  the  h«mopoietic  system,  especially  those  in  which 
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enlargement  of  glands  and  lymphocjrtosis  are  present  [Paltanf ,  Pinkas 
(181,  175),  Brandweiner  and  Badaeli  (250),  Ramazzotti  (261)],  although 
a  reaction  in  the  blood  set  up  by  the  primary  tumours  cannot  be  excluded. 
Moreover,  apart  from  leuchsemia  and  pseudo-leuchsBmia,  skin  diseases,  of 
perhaps  less  importance,  occur  in  connection  with  minor  changes  in  the 
blood  and  blood-forming  organs. 

Buschke  (182)  mentions  a  pruriginous  eruption  in  the  chronic  splenic 
enlargement  of  malaria.  Daoco  has  drawn  attention  to  the  numerous 
skin  diseases  to  which  an»mic  and  chlorotic  subjects  are  prone.  There 
is  Hebra's  example  of  the  woman  after  childbirth  who  only  developed 
eczema  when  simultaneous  manifestations  of  profound  chlorosis  appeared. 
Lideed,  clinical  experience  confirms  again  and  again  the  fact  that  the  best 
way  to  improve  a  girl's  complexion  is  to  cure  her  chlorosis. 


3.  Urtlearla. 

Wright  (183),  in  his  investigation  of  "  serous  luBmorrhages  " — i.e., 
transudation  of  serum  into  the  connective-tissue  spaces  in  urticaria — ^lays 
great  stress  upon  the  delayed  clotting  of  the  blood,  a  similar  change  to 
that  described  by  Hayem  in  purpura  (167).  This  diminished  coagu- 
lability may  depend  on  the  combination  of  certain  organic  acids  with 
the  calcium  salts  in  the  blood,  thus  explaining  the  curative  effects  of 
the  administration  of  calcium  chloride.  These  suggestions,  however,  lack 
confirmation. 

Further  researches  into  the  etiology  of  urticaria,  with  special  reference 
to  the  coagulation  of  the  blood,  have  been  carried  out  by  Little  and 
Paramore  (262).  Conclusive  results  have  not  yet  been  obtained,  but 
there  is  considerable  evidence  to  show  that  at  least  in  some  cases  of 
urticaria  the  chemical  constitution  of  the  blood  is  abnormal,  and  that 
the  salt  content  of  the  blood  is  materially  altered 


Vn.— DISEASES  OP  THE  SKIN  AND  THE  KIDNEYS. 

A.— EFFECT  OF  SKIN  DISEASES  OH  THE  RENAL  FUNCTIONS. 

The  close  cormection  between  the  skin  and  kidneys  has  already  been 
made  evident.  These  organs  excrete  similar  substances,  and  may  on 
occasions  do  duty  for  one  another,  while  the  absorption  of  fluids  by  the 
intact  or  raw  skin  takes  place  so  readily  that  irritation  of  the  kidney  may 
be  set  up  in  this  way. 

1.  Experiments  on  Animals. 

The  connection  between  the  skin  and  kidneys  has  been  demonstrated 
by  experiments.  Lassar  (184)  has  shown  that  albuminuria  may  be 
produced  by  exposure  of  the  surface  to  cold,  and  the  albuminuria  of 
**  varnished  "  animals  may  belong  to  this  class  [Wintemitz  (23)].   Other 
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experiments  of  Laaaar's,  in  which  he  produced  nephritis  by  rubbing 
croton  oil  and  petroleum  into  the  skin,  are  scarcely  examples  of  such  a 
connection  as  we  are  discussing,  for  irritation  of  the  kidneys  may  be  set 
up  by  the  absorption  of  certain  substances  without  the  intermediary  of 
changes  in  the  skin, and  formation  of  local  decomposition  products. 
Despite  these  results  of  experiments  on  animals,  clinical  experience  pro- 
vides  very  few  undoubted  instances  of  nephritis  depending  upon  skin 
disease. 


2.  Clinleal  Faets. 

(a)    Skin   Diseases. 

From  the  extraordinary  frequency  of  nephritis,  and  the  obscure  origin 
of  the  majority  of  cases,  it  is  not  justifiable  in  an  individual  instance  to 
assume  when  the  two  conditions  coexist  that  the  nephritis  is  directly 
attributable  to  the  skin  disease,  for  the  latter  is  so  often  seen  without  the 
complicating  kidney  disease.  One  has  to  bear  in  mind  in  such  cases 
that  in  a  skin  disease  of  long  standing  the  treatment  has  involved 
the  use  of  internal  and  external  remedies,  to  whose  absorption  the 
kidneys  have  not  been  wholly  indifferent,  a  point  which  makes  it  difficult 
to  apportion  correctly  the  blame  attaching  to  the  skin  disease.  Had 
attrition  been  paid  to  this  circumstance,  a  great  deal  of  the  work  on 
albuminuria — e.^.,  in  scabies — ^would  have  gone  unpublished  (c/.  Glaser- 
feld,  Hiibner  (184)].  In  other  skin  diseases  it  is  certainly  not  a  question 
of  the  effect  of  skin  changes  upon  the  kidney,  but  some  toxine  circu- 
lating which  damages  both  the  skin  and  the  kidneys,  as  in  the  acute 
exanthems,  measles,  variola,  scarlet  fever,  in  syphilis,  etc.,  and  perhaps 
also  in  pemphigus  and  in  the  hsBmorrhagic  diatheses  generally.  Transient 
albuminuria,  too,  may  be  much  more  common  in  healthy  men  whose 
kidneys  are  presumably  sound  than  was  formerly  supposed. 

The  whole  question  is  very  complex  and  beset  with  uncertainties. 
In  a  limited  number  of  cases  the  connection  seems  beyond  dispute. 
Leyden  (185)  many  years  ago  reported  a  few  cases  of  nephritis  for  which 
he  could  discover  no  cause  beyond  a  long-standing  eczema.  Similar 
cases  have  been  published  by  Liveing,  Bruhns,  Bluhm,  and  Pechkranz 
(186).  One  particularly  interesting  case  is  that  of  Salvioli's  (187),  in 
which  nephritis  appeared  in  a  patient  with  impetiginous  eczema  on  the 
forty-third  day.  In  a  case  of  amyloid  kidney  Lecorchi  and  Talamon 
could  not  find  any  other  cause  but  chronic  eczema.  Other  skin  diseases 
in  which  albuminuria  often  occurs  are  pitjrriasis  rubra  [Cesarini  (189)], 
dermatitis  exfoliativa  [Wilson-Brocq],  pemphigus  vegetans  [Perrin, 
Vilenaki  (190)].  In  dermatitis  herpetiformis,  on  the  other  hand,  these 
authors  have  made  the  very  far-fetched  suggestion  that  the  nephritis 
is  the  primaiy  condition,  and  that  the  skin  disease  is  the  result  of  renal 
insufficiency. 

Miiller  (191)  has  described  the  occurrence  of  albuminuria  in  impetigo 
contagiosa,  and  Dohm  and  Wilms  in  cases  of  severe  bums. 

There  are  certainly  cases,  too,  of  skin  disease  associated  with  ulcera- 
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tion  in  which  albuminuria  is  present.  The  absorption  of  the  products 
of  bacterial  metabolism  and  decomposition  may  here  form  the  connecting- 
link  between  the  two  processes.  The  albuminuria  of  urticaria  and  acute 
circumscribed  oedema  falls  into  a  separate  class,  since  it  is  not  unreason- 
able to  suppose  that  the  same  vasomotor  disturbance  which  produces  in 
the  skin  urticaria  and  oedema  may  in  the  kidney  bring  about  albuminuria 
[Senator,  Rubens  (192)]. 

{b)  SyphUis. 

The  literature  of  syphilitic  inflammations  of  the  kidney  is  very 
voluminous.  It  has  long  been  proved  that  gummatous  changes  in  the 
kidney  often  cause  albuminuria.  The  only  disputed  point  has  been 
whether  a  recent  syphilitic  infection  can  set  up  in  the  secondary  stage  a 
specific  nephritis.  It  is  certainly  a  very  rare  event.  In  spite  of  the 
scepticism  of  Welander  (103)  and  Senator  (194),  some  attention  must  be 
paid  to  the  careful  work  of  Karvonen  (195),  who  investigated  a  group  of 
cases,  and  proved  definitely  the  existence  of  a  temporary  nephritis 
directly  after  the  appearance  of  secondary  symptoms,  and  before  the 
exhibition  of  mercury,  the  course  of  the  r^ial  symptoms  proceeding 
parallel  with  the  progress  of  the  disease,  and  the  albuminuria  disappearing 
under  mercurial  treatment.  However,  the  whole  question  is  fully  dealt 
with  in  the  works  of  Senator,  Welander,  Karvonen  and  Schwimmer  (196). 
A  slight  transient  febrile  albuminuria  is  evidently  by  no  means  rare  in 
secondary  qrphilis  [Petersen  (197)],  and  occasionally  instances  are  seen 
of  very  severe  nephritis  with  great  oedema,  and  an  amount  of  albuminuria 
such  as  occurs  in  no  other  form.  Descoust  (198)  describes  one  case  where 
at  the  outset  the  urine  had  a  specific  gravity  of  1060,  and  contained 
110  grammes  of  albumin  in  800  c.c.  (13*7  per  cent.).  In  the  deposit  were 
numerous  epitheUal  casts  and  crystals  of  leucin  and  t3nx)sin,  but  no  red 
or  white  blood-corpuscles.  The  albumin  disappeared  from  the  urine 
under  mercurial  treatment. 

A  similar  case  has  just  been  published  by  Hoffmann  and  Salkowski 
(199).  The  albumin  at  the  onset  amounted  to  8*3  per  cent.,  the  specific 
gravity  being  1067.  After  the  urine  had  stood  for  several  days  in  the 
cold,  a  fine  amorphous  deposit  of  albumin  appeared,  its  composition  being 
midway  between  a  globulin  and  albumin.  After  allowing  the  sediment 
to  stand  for  a  few  hours  in  a  weak  alkaline  solution,  it  became  soluble 
again  in  water — a  phenomenon,  according  to  Salkowski,  not  hitherto 
described.  The  administration  of  mercury  cured  the  albuminuria. 
Microscopically,  the  dejxMut  was  only  scanty.  It  consisted  of  a  few  leuco- 
cytes and  red  cells,  with  isolated  epithelial  and  hyaline  casts. 

From  the  observations  recorded  in  acute  syphilitic  nephritis,  there 
seems  to  be  some  peculiar  relation  between  the  amount  of  albumin  and 
the  scantiness  of  the  sediment,  while  there  is  less  blood  in  the  urine  than 
in  any  other  form  of  acute  nephritis.  However,  other  observers  report 
differently.    A  profuse  rash  usually  breaks  out. 

Fiirbringer  and  Welander  (220)  have  raised  the  objection  that  the 
administration  of  mercury  in  syphilis  produces  casts  in  the  urine,  and 
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often  leads  to  a  slight  albmninaiia,  which  tends  to  disappear  spontane- 
ously. This  albuminuria  Fiirbringer  found  in  8  per  cent,  of  cases  of 
syphilis,  while  Welander,  finding  casts  in  the  urine  to  some  extent  in 
57-5  per  cent,  of  cases,  puts  the  percentage  as  high  as  12-5  per  cent. 
Ott  (201)  has  noticed  in  the  cure  by  salicylate  of  mercuiy  that  the  urine 
contains  an  appreciable  amount  of  nucleo-albumin. 


(c)  CkmorrhoM. 

In  France  considerable  attention  has  been  drawn  to  the  frequency  of 
renal  albuminuria  in  gonorrhoea  [Balzer,  Souplet  (202)],  although,  perhaps, 
the  amount  of  serum  due  to  suppuration  in  the  urethra  has  not  been  suffi- 
ciently taken  into  consideration ;  and  this  seems  to  be  of  some  moment 
according  to  Goldberg  (203),  who  in  12  per  cent,  of  patients  with  gonor- 
rhoea observed  albuminuria,  even  after  deducting  the  share  of  albumin 
attributable  to  the  pus  cells.  Of  these  12  per  cent.,  he  inferred  that 
2  or  3  per  cent,  were  suffering  from  a  consecutive,  and  the  remainder  from 
a  metastatic,  nephritis.  Gbldberg  further  suggested  that  the  balsams 
used  in  treatment  might  be  responsible  in  some  degree  for  gonorrhoea! 
nephritis. 


B.— EFFECT  OF  KIDMET  DISEASES  ON  THE  SKIN. 

The  texture  of  the  skin  is  often  altered  in  diseases  of  the  kidney, 
according  to  the  stage  of  the  disease,  at  one  time  being  oedematous  and 
swollen,  at  another  becoming  dry  and  harsh.  The  tendency  of  nephritic 
patients  to  develop  skin  diseases  is  well  known.  Merck  (204)  quotes 
especially  pruritus,  urticaria,  erythema,  and  eczema,  particularly  a  papular 
form  which  he  distinguishes  as  a  spedfic  variety  from  its  onset  and  ten- 
dency to  spontaneous  cure.    See  also  Veich  (263). 

We  have  observed  a  remarkable  phenomenon  occurring  just  before 
death,  the  skin  becoming  covered  with  sweat,  which  deposited  a  thick 
layer  of  crystals  of  urea ;  according  to  Djoritch  (206),  this  sweat  is  mixed 
with  a  considerable  amount  of  sebum. 


Vm.— DISEASES  OP  THE  SKIN  AND  DIABETES. 

A.— SKIN  DISEASES  AS  THE   CAUSE  OF  6LTC0SURIA. 

The  connections  between  the  skin  and  the  pancreas  are  too  remote 
to  permit  a  distinct  indictment  of  any  skin  disease  as  an  actual  cause  of 
glycosuria.  Syphilis,  perhaps,  by  causing  endarteritis  of  the  pancreatic 
vessels,  might  lead  to  diabetes,  but  both  diabetes  and  syphilis  are,  how- 
ever, so  rife  that  it  is  impossible  in  any  given  instance  to  establish  any 
close  connection  between  them.  Oases  of  glycosuria  are  reported  as 
having  been  cured  by  mercuiy  and  iodides  [von  Noorden  (206)]. 
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B.-^Km  DISBASBS  AHD  OLTOOSURIA  FBOM  A  OOMMOH 

CAUSE. 

Many  authorities  regard  peoriaais  and  diabetes  as  both  owing  their 
origin  to  a  common  *'  vasomotor  neurosis  "  [Gross,  Strauss,  Grube]. 
Nagelschmidt  (207)  has  demonstrated  alimentary  glycosuria  in  eight  cases 
of  psoriasis  out  of  twenty-five  (i.e.,  32  per  cent.),  but  this  must  have  been 
to  some  extent  a  matter  of  chance  (one  might  quote  many  cases  of  psori- 
asis, for  instance,  in  alcoholics),  for  Pick,  working  in  Neisser's  clinic, 
only  found  it  in  4  per  cent,  out  of  fifty  cases  of  psoriasis — i.e.,  no  more 
than  in  many  other  skin  diseases. 


C— SKIM  DISBASBS  AS  THB  RESULT  OF  DIABETES. 

Diabetes,  on  the  other  hand,  plays  a  very  important  part  in  the  pro- 
duction of  skin  lesions  ;  in  fact,  no  constitutional  disease  can  at  all  com- 
pare with  it  in  this  respect. 

Excluding  furunculosis,  Kaposi  (209)  cites  the  following  conditions  : 

1.  Pruritus  cutaneus,  general  or  localized. 

2.  Urticaria  chronica,  especially  papulosa. 

3.  Acne  cacheoticorum. 

4.  Eczema,  particularly  of  the  genitals ;  balanitis,  set  up  by  local 
decomposition  of  urine  containing  sugar. 

5.  Puonychia  diabetica  (including  loss  of  hair). 

6.  Diabetic  gangrene  (including  one  case  described  as  gangrsana 
diabetica  bullosa  serpiginosa). 

And  to  these  many  more  groups  might  be  added. 


1.  Increased  Vulnerability  of  the  SUn. 

It  is  universally  admitted  that  diabetes  increases  the  vulnerability  of 
the  skin,  tends  to  promote  suppuration  in  simple  inflammation,  and  delays 
healing.  The  same  factors  probably  predispose  to  simple  and  sebor- 
rhoeic  eczema,  boils,  carbuncles,  and  phlegmon,  and,  though  more  doubt- 
fully, perhaps  to  psoriasis. 


2.  Degenerative  Changes. 

There  is  a  second  group  in  which  diabetes  shows  its  characteristic 
nature  in  causing  premature  degenerative  and  senile  changes,  including 
those  arising  from  neuritis  :  scanty  perspiration,  thinning  and  wrinkling 
of  the  skin,  baldness,  thinning  of  the  nails,  and  Dupuytren's  con- 
traction. 
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3.  Vasenlar  Degeneratioiis. 

Foremost  among  these  are  the  whole  class  of  diabetic  gangrenes.  In 
all  of  such  lesions  the  vessels  are  found  to  be  unduly  atheromatous,  whether 
examined  by  the  Bdntgen  rays  or  in  the  limb  itself  after  amputation. 
The  rarity  of  gangrene  of  the  penis  forms  an  exception ;  it  is  due  to  infec- 
tion and  phlegmonous  inflammation,  and  not  to  arterio-sclerosis. 

4.  Xanthonuu 

This  complication  forms  a  class  by  itself,  and  is  of  very  rare  occurrence 
if  only  cases  with  extensive  xanthoma  of  the  eyes  are  admitted,  but  is 
quite  common  if  one  includes  those  cases  in  which  a  few  minute  xantho- 
matous masses  are  found  in  the  skin.  Most  authors — ^recently,  at  any 
rate — distinguish  a  type  peculiar  to  diabetes,  and  regard  it  as  a  different 
affection  from  ordinary  xanthoma.  There  is  a  remarkable  connection 
between  the  course  of  diabetic  xanthoma  and  the  glycosuria,  while, 
moreover,  it  may  occur  in  pentosuria  [Colombini  (210)]. 

6.  Destmetlon  of  Blood  Pigment. 

Abnormal  Changes  in  the  Skin  from  the  Breahing  Down  of  Blood 
Pigment  in  Diabetes. 

(a)  Xanthosis. — There  is  a  condition  which  we  have  seen  in  many 
patients  (usually  young  adults),  with  severe  diabetes,  in  which  the  hands, 
the  soles  of  the  feet,  the  forearms,  and  sometimes  the  entire  skin,  acquire 
a  peculiar  tint  that  has  not  been  jweviouflly  described.  To  this  we  have 
given  the  name  "  xanthosis."  The  colour  varies  from  a  light  canary  to 
a  deep  orange  yellow ;  it  changes  readily  in  its  intensity,  and  exhibits  a 
remarkable  relation  to  the  degree  of  aoetonuria.  It  appears  to  be  some- 
what similar  to  the  pigmentation  of  the  hands  and  feet  observed  by 
Sibirski  (211)  in  severe  cases  of  typhoid,  which  he  attributes  to  a  breaking 
down  of  hffimoglobin.  Our  cases  of  xanthosis  have  run  parallel  with  the 
amount  of  acidosis,  so  that  as  the  acetone  is  diminished  the  pigmentation 
may  disappear  within  a  few  weeks. 

(6)  Diabetic  Bronzing. — ^Perhaps  xanthosis  should  be  regarded  as  an 
early  stage  in  the  development  of  diabetic  bronzing  [Hanot,  CSiauffard]. 
This  affection  has  been  shown  by  many  observers  (213)  to  be  due  to  tlie 
deposition  in  the  skin  of  an  iron-containing  pigment  (hssmosiderin),  one 
which  is  almost  iron-free,  and  hBomofuchsin,  which  is  entirely  free  from 
iron. 

The  condition  is  not  peculiar  to  diabetes ;  at  any  rate,  it  cannot  be 
sharply  differentiated  from  von  Recklinghausen's  hsamochromatosis. 
Osier  and  Hess  suggest  that  the  primary  change  is  some  unknown  error 
of  metabolism  from  which  the  characteristic  symptoms  of  the  disease  pro- 
ceed. It  is,  at  all  events,  worth  noting  that  h»moglobinuria  has  been 
described  during  the  course  of  the  disease  by  Hess  and  ourselves,  and  in 
each  case  has  been  associated  with  Upnmia. 
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6.  Therapeutles. 

It  is  an  old  obBervation,  borne  out  by  practical  experience,  that  most 
of  the  skin  complications  of  diabetes  depend  upon  the  presence  of  sugar 
in  the  blood,  and  that  a  rational  treatment  of  the  glycosuria  is  more  effec- 
tual than  the  usual  remedies  applied  to  the  skin.  This  holds  good  par- 
ticularly in  eczema,  pruritus,  disordered  perspiration,  xanthoma,  and 
trophic  lesions  of  aU  sorts ;  but  anti-diabetic  treatment  is  entirely  thrown 
away  on  inflammatory  conditions  and  gangrene. 

It  is  not  enough,  however,  merely  to  render  the  urine  free  from  sugar  : 
the  withdrawal  or  restriction  of  carbohydrates  in  the  diet  must  be  per- 
severed with  until  the  sugar  in  the  blood  is  reduced  to  normal.  As  Lief  • 
man  (76)  recently  found  in  von  Noorden*s  clinic,  hyperglycemia  often 
outlasts  the  glycosuria  by  some  time,  and  yields  only  if  the  withdrawal 
of  carbohydrates  is  persisted  in  :  a  point  that  has  hitherto  been  somewhat 
neglected,  and  explains  a  great  many  of  the  disappointing  results  of 
diabetic  treatment. 


IX.— GODT  AND  SKIN  CONDITIONS. 

With  the  question  of  the  relationship  between  uric-acid  metabolism 
and  skin  disease  we  enter  a  province  in  which  theories  and  the  wildest 
fancies  have  run  riot.  It  is  not  as  if  they  had  been  suggested  by  any  clinical 
basis ;  theories  as  to  ^*  diathesis  "  can  dispense  with  a  foundation  alto- 
gether !  All  the  speculations  on  this  subject,  based  on  the  most  flinmy  of 
facts,  may  be  consigned  to  oblivion,  for  they  offer  no  scientific  foothold, 
and  conceal  only  a  quagmire  of  ignorant  conjecture.  Sound  work  has 
been  done,  however,  by  Gigot-Suard  (215)  and  Quinquaud  (216),  dealing 
with  the  experimental  skin  diseases  produced  in  animals  by  overfeeding 
and  by  the  injection  of  uric  acid  :  the  former  claims  to  have  produced 
psoriasis,  pityriasis,  prurigo,  lichen,  and  ecthyma ;  while  the  latter,  by 
injecting  on  two  occasions  0*15  to  2-02  grammes  of  uric  acid  in  man, 
induced  the  appearance  of  eiythematous  patches  and  blisters,  as  well  as 
quite  atypical  rashes.  Blaschko  submits  the  objection  that  these  results 
are  the  more  remarkable  since  much  larger  doses  combined  with  over- 
feeding, both  in  man  and  animals  (undertaken  for  other  purposes),  has 
given  rise  to  nothing  of  the  kind.  In  all  skin  diseases  where  it  has 
been  estimated  the  output  of  uric  acid  has  been  within  normal  limits 
[Lewin  (217),  Badaeli  (36)].  Some  statements  as  to  the  retention  of  uric 
acid  bear  the  stamp  of  inaccuracy,  as  does  the  theory  of  ^'  an  alloxuric 
origin  for  eczema,'*  which  Tommasoli  (218)  himself  acknowledges  to  have 
abandoned,  ''  for,  as  holds  good  in  any  grave  charge,  uric  acid  must  be 
acquitted  when  it  is  proved  to  be  absent." 

The  clinical  facts  on  which  the  theories  of  a  '^  diathdse  dartreuse,"  an 
^' arthritism,"  etc.,  are  based  are  chiefly  the  undoubted  frequency  of 
eczema  and  psoriasis,  coincident  with  diseases  of  the  joints  on  the  one 
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hand  and  asthma  on  the  other ;  so  remarkable  is  the  frequency  of  this  oo- 
incidence  that  even  the  total  absence  of  any  explanation  cannot  rob  the 
comprehensive  theories  of  Bazin,  Hardy,  Brocq,  Gaucher,  etc.  (219)  of 
their  foundation.  But  for  the  well-known  alternation  between  these 
affections,  not  even  an  adequate  clinical  explanation  is  forthcoming. 

Among  genuine  gouty  manifestations  in  the  skin  may  naturally  be 
reckoned  the  uratic  deposits  and  the  resulting  inflammations ;  further, 
it  is  not  to  be  questioned  that  various  trophic  changes  in  the  skin  of  the 
fingers  and  the  nails  are  caused  by  gout ;  this  is  natural  in  a  disease 
which  displays  such  tendencies  to  constitutional  degeneration.  Varices, 
eczema,  punctiform  haemorrhages,  abnormal  pigmentation,  and  ulceration 
of  the  legs  are  very  common,  but  they,  perhaps,  are  no  more  due  to 
the  uric-acid  diathesis  than  to  the  defective  circulation,  which  is  also  a 
cause  of  adiposity.  It  should  not  be  overlooked  that  possibly  the  same 
constitutional  tmdencies  which  predispose  to  gout  may  determine  the 
liability  to  skin  affections ;  and  if  one  limits  the  interpretation  to  such 
diseases  as  occur  in  children  who  sooner  or  later  actually  manifest  the 
gouty  diathesis  by  attacks  of  gout  or  uratic  deposits,  all  that  remains  is 
perhaps  a  somewhat  greater  liability  to  eczema  and  psoriasis  in  gouty 
subjects.  If,  however,  the  theory  of  a  ''  gouty  diathesis ''  is  used  as  a 
convenient  cloak  for  inaccurate  diagnosis — as  is  too  often  the  case — ^the 
province  of  gouty  dermatoses  is  considerably  extended.  In  the  interests 
of  both  general  medicine  and  dermatology,  so  loose  an  application  of 
the  diagnosis  of  gout  should  be  done  away  with,  and  only  those  skin 
diseases  should  be  permitted  to  assume  the  title  '*  gouty  *'  whose  claims 
can  be  sustained  by  objective  symptoms  and  not  by  mere  tradition. 


X.— CHEMICAL  CHANGES  IN  THE  SKIN. 

I.  Albumin. 

In  this  department  we  find  ourselves  groping  on  the  outskirts  of  know- 
ledge, for  no  chemical  facts  have  been  jxMutively  proved.  We  may,  perhaps, 
assume  that  the  differences  in  reaction  to  stains  which  many  of  the 
morphological  constituents  of  the  skin  exhibit  in  these  diseases  correspond 
with  chemical  changes.  Schmidt  (202)  has  shown  that  in  senile  changes 
the  elastic  fibres  of  the  skin  behave  abnormally  towards  certain  stains. 
Unna  (221)  demonstrated  that  the  elastic  fibres  normally  oxyphile 
become  in  this  state  basophile  ;  he  called  the  altered  substance  *'  elacin," 
in  contradistinction  to  the  normal  *'  elastin."  This  '*  elacin  "  may  occur 
in  various  degenerative  processes  in  the  skin,  including  atrophy.  Accord- 
ing to  Unna  and  Krzystalowicz  (222),  the  collagenous  tissue  shares  in  the 
degeneration  (formation  of  collacin  and  coUastin).  The  extensive  changes 
in  the  staining  reactions  of  the  collagenous  and  elastic  tissues  in  myx- 
(Bdema  described  by  Unna  are  of  the  greatest  interest.  Whether,  among 
the  recognised  skin  changes  of  myxoedema,  the  actual  deposition  of  mucin 
takes  place  has  not  yet  been  chemically  investigated.    Of  the  chemical 
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composition  of  keratohyalin  (and  eleldin)  very  little  is  known,  save  that 
the  process  of  keratinization  may  represent  the  converse  to  that  of 
myzoedema  [Ernst,  von  Dreysel,  Oppler  (223)]. 


2.  Carbohydrates. 

Glycogen  has  been  shown  to  be  normally  absent  from  the  skin,  but  its 
presence  has  been  demonstrated  (Ehrlich's  method)  in  the  following 
diseased  conditions  :  Lupus  vulgaris,  eczema,  intertrigo,  syphilomata, 
pityriasis  rubra,  herpes  iris,  polymorphous  exudative  erythema,  and 
lichen  ruber  (chiefly  in  the  sweat  glands)  [Bosellini  (224)] ;  in  epitheliomata, 
papillomata,  and  condylomata  [Lubarsch  (264)].  Gierke  has  demon- 
strated the  presence  of  glycogen  in  the  outer  hair  root-sheath,  sebaceous 
glands,  and  epithelium  of  the  sweat  glands  of  normal  skin.  Glycogen 
is  not  present  in  the  epidermis  (265). 


3.  Fats. 

No  analyses  have  been  made  of  the  total  fat  in  the  skin  in  individual 
diseases,  such  as  seborrhoea,  etc.  Unna  (225)  shows  from  microscopic 
appearances  that  there  is  an  increase  of  fat  in  seborrhoeic  eczema,  but  the 
fallacies  of  a  histological  estimate  based  solely  upon  the  osmic-acid  stain 
for  fat  have  long  been  deprecated  [Bosenfeld].  It  is,  at  any  rate,  not 
unreasonable  to  assume  that  in  seborrhoea  the  increase  of  fat  in  the  secre- 
tion corresponds  to  a  similar  increase  in  the  skin  ;  at  the  same  time,  we 
cannot  be  sure,  with  our  present  knowledge,  that  the  serum  accumulated 
on  the  skin — as  in  seborrhoeic  eczema — can  be  accurately  separated  from 
the  fat  itself.  The  method  suggested  by  Greciet  (226)  is  very  prob- 
lematical. It  depends  upon  Amozan's  (227)  observation  that  the  presence 
of  fat  arrests  the  rotation  of  a  piece  of  camphor  floating  in  water,  and 
according  to  this  method,  fat  is  absent  from  the  secretion  in  ichthyosis, 
eczema,  and  seborrhoea !  Although  it  does  not  deal  with  quantitative 
results,  the  work  of  Linser  (228)  upon  the  qualitative  analyses  of  skin 
secretions  is  of  the  greatest  value.  His  exhaustive  research  was  carried 
out  upon  the  normal  sebum  of  the  skin  (collected  by  rubbing  the  surface 
with  petroleum  ether)  and  upon  the  sebaceous  material  of  dermoids,  etc., 
with  a  view  to  determining  the  melting-point,  the  acid,  the  saponification 
number,  and  the  fatty  acids  and  cholesterin  in  the  ether  extract.  He 
used  as  a  control  the  ether  extracts  of  various  homy  substances  such  as 
cow's  horn  and  horse's  hoofs.  He  thus  found  that  the  constituents  of 
sebum  soluble  in  ether  w;ere,  as  a  whole,  included  in  two  classes  :  first, 
the  secretion  of  the  sebaceous  glands,  which  contains  little  cholesterin 
and  substances  of  similar  composition ;  secondly,  the  homy  materials 
soluble  in  ether  and  rich  in  cholesterin.  In  the  sebaceous  secretion  of 
ichthyosis  and  psoriasis,  in  comedones,  seborrhoea  sicca,  and  seborrhoea 
oleosa,  he  found  just  the  same  variations  between  one  disease  and  another 
as  between  any  one  of  them  and  normal  sebum.  In  psoriasis,  ichthyosis, 
and  comedones,  the  cholesterin  in  the  extract  was  very  abundant,  and 
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exceeded  the  amount  of  fat  obtained  from  the  homy  subetanoeB ;  sebor 
rhoDa  oleosa,  on  the  other  hand,  gave  an  ether  extract  poorer  in  cholee- 
terin,  but  much  richer  in  free  fatty  acids,  notably  oleic  acid, 
linser  tabulated  his  results  as  follows  : 
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This  interesting  line  of  research  is  worth  continuing,  as  it  promises 
to  throw  fresh  light  upon  tlie  diseases  of  the  skin  associated  with  secretion. 

Knopfelmacher  has  investigated  the  origin  of  sclerema  neonatorum 
(229),  and  suggests  that  it  is  due  to  a  solidification  of  the  skin-fat  in  chil- 
dren, a  process  which  is  favoured  by  the  fact  that  the  fat  of  new-born 
infants  contains  much  less  olein  than  that  of  adults  [Langer  (230),  Knop- 
felmacher]. 

Rosenfeld's  admirable  researches  upon  the  effect  of  diet  on  the  fat- 
secretion  of  the  skin  cannot  be  quoted  at  length,  but  they  contain  a 
wealth  of  information  obtained  by  methods  leaving  no  room  for  error,  or 
opportunity  for  carping  criticism  (267).^ 


4.  Salts. 

Deposition  of  calcium  salts  in  the  skin  occurs  fairly  commonly  in 
the  calcification  of  epithelial  tumours,  cysts,  new  growths,  etc.  There 
is  also  a  peculiar  condition  whose  histological  and  clinical  characters  are 
very  different,  in  which,  just  as  in  gout,  salt  concretions  are  deposited 
in  the  skin  and  subcutaneous  tissues,  leading  to  acute  inflammation. 
These  concretions,  however,  contain  no  trace  of  uric  acid,  being 
formed  entirely  of  calcium  phosphate  and  carbonate.  The  histological 
appearances  are  those  of  gouty  tophi.  Such  cases  have  been  described 
by  Weber,  Jeanne,  Morell-LAvall6e,  Riehl,  and  von  Tannenhain  (231) ; 
while  WildbotK  (232)  and  Lewandowsl^  (232)  have  carefully  investigated 
the  disease.  The  chemical  analysis  of  the  concretion  shows  that  it  con- 
tains a  small  amount  of  fat  and  albuminous  material,  but  consists  chiefly 
of  phosphate  and  carbonate  of  calcium.  In  Tannenhain's  case  calcium 
carbonate  was  present  alone.  These  cases  suggest  a  line  of  research 
similar  to  that  adopted  by  Soetbeer  on  the  nature  of  phosphaturia 
(increase  of  calcium  salts  in  the  urine).    In  many  of  his  cases  it  appears 
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that  phosphaturia  was  present.  In  the  only  case  in  which  a  quantitative 
analysis  of  the  calcimn  salts  was  made  (without  reference  to  a  '^  calcium 
balance,"  it  is  true)  the  excretion  amounted  to  0*25,  almost  above  the 
highest  normal  limit.  Soetbeer  advanced  the  view  that  when  there  was 
an  insufficiency  of  calcium  excretion  by  the  bowel,  not  only  the  kidneys, 
but  on  occasions  the  skin,  might  act  vicariously.  Merck,  too,  describes 
a  superficial  deposit  of  phosphates  on  the  skin  under  the  term  "  phosphat- 
idrosis  "  (223),  which  he  saw  accompanying  phosphaturia  in  an  eruption 
looking  like  a  combination  of  pityriasis  versicolor  and  ichthyosis. 

6.  Halogens. 

Attempts  have  often  been  made  to  prove  the  presence  of  bromides 
and  iodides  in  the  secretion  of  the  sebaceous  glands  in  bromide  and  iodide 
acne  [AdamMewicz  and  Guttmann  (234)].  As  Jarisch  has  already  pointed 
out,  only  a  limited  importance  can  be  attached  to  the  numerous  positive 
results  until  some  quantitative  determinations  are  made,  whereby  the 
surplus  of  bromides  and  iodides  in  the  various  fluids  of  the  body  entering 
into  other  tissues  can  be  estimated.  At  any  rate,  it  is  probable  that 
excretion  does  take  place  by  the  sebaceous  glands  [Justus  (266)]. 
Nothing  IB  known  about  the  presence  of  chlorides  in  the  secretion  which 
Herxheimer  first  described  in  chloride  acne.  It  cannot  be  denied — 
although  the  proof  is  wanting — ^that  the  disease  may  be  produced  by 
organic  chlorine  compounds,  which  are  excreted  as  chlorides  by  the 
sebaceous  glands  [Lehmann  (237)]. 

6.  Pigments. 

We  have  very  little  knowledge  so  far  of  the  chemical  comjxMution  and 
the  conditions  attending  the  formation  of  the  pigments  deposited  in 
various  diseases  of  the  skin,  although  of  late  some  work  has  been  done  in 
this  direction  [Samueli  (238),  Wolff  (239)].  The  question  chiefly  studied 
at  present  is  whether  iron  can  be  discovered  microchemically  in  the  various 
pigments.  In  the  pigment  of  Addison's  disease  no  iron  reaction  can  be 
obtained.  Hiemosiderin  is  present  in  most  of  the  other  forms  of  pig- 
mentation, in  the  bronadng  of  diabetes,  and  vagabonds  pigmentation,  and 
the  melanin  of  melanotic  sarcoma.  Schmidt,  however,  has  proved  that 
the  iron  reaction  forms  no  criterion  of  the  pigment  having  been  derived 
from  the  blood,  since  it  may  be  absent  in  both  recent  and  old  hemosiderin 
deposits.  It  is  an  unsolved  problem  whether  abnormal  pigmentation  in 
particular  diseases  is  due  to  metaboUc  processes  in  the  cells,  or  is  deposited 
by  the  blood-stream  :  a  question  hitherto  only  approached  from  the  point 
of  view  of  histology,  so  that  for  the  present  it  is  outside  our  subject. 
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CHAPTER  VI 
CAHCER' 

Bt  ADOLF  SCHMIDT. 

Tranblatbd  bt  W.  Cbamsb,  Ph.D.,  D.So. 

Whsn  the  investigation  of  metaboliam  was  introduced  into  the  study 
of  clinical  medicine,  the  question  arose  as  to  the  cause  of  the  cachexia 
of  cancer.  F.  Miiller  (I)  maintained,  on  the  basis  of  careful  analyses  of 
the  nitrogenous  metabolism  observed  on  cancerous  patients,  that  in  the 
cachexia  of  cancer  we  have  to  deal  with  a  toxogenous  disintegi*ation  of 
protoplasm  independent  of  nutrition.  In  other  words,  a  specific  toxic 
effect  of  cancerous  tissue  exists.  Up  to  the  present  date  the  entire 
literature  on  metabolism  in  carcinomatous  patients  centres  around  this  last 
statement.  At  first  it  was  generally  confirmed  ;  later,  however,  it  became 
doubtful,  because  it  was  recognised  that  the  greater  part  of  the  anomalies 
of  metabolism  in  cancerous  patients  was  due  to  the  mechanical  effects 
of  the  tumour,  the  disturbances  depending  on  the  site,  or,  on  ulcerative, 
or  infectious,  processes  of  the  cancerous  tissue. 

Whether  all  the  peculiarities  of  the  metabolism  of  cancer  can  be 
explained  in  this  manner  has  not  yet  been  decided.  The  vigorous  cancer 
researches  of  the  last  few  years  have  brought  this  question  again  into 
prominence,  and  the  adherents  of  the  theories  of  the  infectious  nature 
of  cancer  believe  that  the  existence  of  at  least  some  of  the  toxic  effects 
has  been  proved.  It  is  best,  therefore,  that  we  should  first  concern 
ourselves  with  a  critical  review  of  the  literature  dealing  with  this  question. 
We  shall  constantly  have  to  keep  in  mind  whether  a  disturbance  which 
is  supposed  to  be  characteristic  occurs  generally  in  all  cancerous  diseases, 
or  whether  the  disturbance  is  only  a  peculiarity  of  the  cancerous  degenera- 
tion of  special  organs.  It  must  be  remembered  that  most  observations 
have  been  made  upon  cancer  of  the  stomach — a  condition  which  is  least 
suitable  for  general  conclusions  to  be  drawn  from.  The  few  existing 
observations  on  malignant  new  growths  other  than  cancerous  will  also 
have  to  be  considered.  Lastly,  comparisons  will  have  to  be  made  with 
the  cachexia  associated  with  other  than  cancerous  conditions. 

^  The  term  "  oaooer  "  u  used  for  "  carcinoma  "  throu^oot. 
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L— INPLUENCE  OP  CANCER  UPON  THE  DIGESTIVE 
PROCESSES. 

A.— GASTRIC  DI6ESTI0H. 
1.  Seeretton. 

(a)  The  Absence  of  Free  HGl, 

In  1879  Van  der  Velden  (2)  observed  the  absence  of  free  HCl  in  cases 
of  cancer  of  the  stomach.  Since  then  this  statement  has  been  con- 
firmed by  so  many  observers  that  to-day  it  is  one  of  the  most  assured 
facts  in  the  pathology  of  the  diseases  of  the  stomach. 

There  are,  of  course,  exceptions  to  this  rule.  Pree  HQ  is  present  in  about 
10  to  13  per  cent,  of  aU  cases  of  carcinoma  of  the  stomach  [B.  Wagner  (3), 
A.  Bichter  (4)].  These  exceptions  can  be  explained  by  conditions  where 
cancer  is  superimposed  upon  an  ulcer  of  the  stomach  (T.  Rosenheim  (6)], 
which,  as  is  well  known,  is  frequently  accompanied  by  an  increased  pro- 
duction of  HQ,  or  by  the  simultaneous  existence  of  a  nervous  hyper- 
secretion [A.  Richter].  As  a  rule,  however,  even  in  these  conditions, 
the  free  HQ  of  the  gastric  contents  eventually  disappears,  provided 
that  the  disease  is  in  an  advanced  state,  the  change  sometimes  occurring 
rather  suddenly  [Koch,  H.  Schneider  (6)].  On  the  whole,  the  absence 
of  free  HQ  is  rightly  supposed  to  be  an  early  symptom  of  cancer  of  the 
stomach  (P.  Ri^el  (7)].  Besides  the  free  (that  is,  excessive)  HQ,  the 
values  for  the  loosely-combined  HQ  (that  is,  HQ  combined  with  albu- 
minates) are  much  reduced  [A.  Cahn  and  J.  von  Mehring  (8),  G.  Honig- 
mann  and  C.  von  Noorden  (9),  Martins  and  Liittke  (10)],  so  that  a  more 
or  less  considerable  deficiency  of  HQ  exists. 

Although  it  is  easy  to  observe  these  conditions,  their  interpretation 
presents  certain  difficulties.  Until  recently,  the  general  idea  was  that 
there  was  a  diminished  secretion  of  HQ  in  a  cancerous  stomach.  In 
support  of  this  view,  we  might  adduce  the  catarrh  of  the  gastric  mucous 
membrane  which  frequently  accompanies,  and  is  probably  caused  by, 
the  development  of  cancer,  and  which  leads  to  atrophy  of  the  glands 
[T.  Rosenheim  (11),  A.  Hammerschlag  (12)].  This  catarrh,  however, 
is  not  of  such  a  general  and  early  occurrence  and  does  not  spread  over  the 
gastric  mucosa  so  rapidly  as  to  explain  the  absence  of  the  free  acid 
in  the  earliest  stages  of  the  development  of  small  circumscribed  tumours. 
Nor  does  the  reappearance  of  the  free  acid  after  the  removal  of  the 
tumour  which  has  been  observed  in  a  few  cases  agree  well  enough  with 
this  assumption  (T.  Rosenheim  (13),  Bourget  (14)]. 

A  subddiary  hypothesis  was  next  advanced — ^namely,  that  the 
development  of  cancer  in  itself  exerts  in  a  specific  way  an  unfavourable 
infiuence  upon  the  acid  secretion  of  the  stomach.  It  this  is  the  case, 
then  this  infiuence  should  be  observed  with  cancerous  organs  other  than 
the  stomach.  Indeed,  conditions  of  the  gastric  secretion  similar  to  those 
observed  in  oases  of  cancer  of  the  stomach  have  been  found  fairly  con- 
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stantly  in  cases  of  caroinoma  of  the  OBSophagus,  and  frequently  enough 
in  cases  of  carcinoma  of  other  organs. 

These  facts,  however,  do  not  justify  the  assumption  of  a  specific 
peculiarity  of  cancer,  as  has  been  done  by  Moore  and  his  collaborators 
in  postulating  a  diminution  in  hydrogen  ions  in  the  blood  of  cancerous 
patients.  When  these  cases  are  more  carefully  analyzed,  it  is  found 
that  either  the  individuals  on  whom  these  observations  were  made  were 
markedly  cachectic,  or  that  the  site  of  the  new  growth  was  in  the  proximity 
of  the  stomach.  Cachectic  conditions,  however,  must  be  excluded  in 
discussing  this  question,  for  we  know  that  the  secretion  of  HQ  is  impaired 
in  many  severe  illnesses,  especially  in  severe  ^MunTnm  (c/.  Blood  and 
Intestines) ;  while  malignant  new  growths  situated  in  the  proximity  of 
the  stomach,  especially  if  there  is  any  ulceration,  may  exercise  their 
local  influence  in  the  same  manner  as  cancer  of  the  stomach.^ 

These  local  influences  cause  not  only  anatomical  changes  of  the 
mucous  membrane  in  the  neighbourhood  of  the  tumour ;  there  are  also 
chemical  changes  in  the  gastric  contents  which  result  from  the  action  of 
the  products  secreted  by  the  new  growths.  That  such  a  local  chemical 
interaction  existed  was  made  probable  years  ago  by  Biegers  (20)  interest- 
ing experiment,  and  has  been  proved  recently  by  the  exact  investigations 
of  Beissner,  in  which  not  only  the  free  and  loosely-bound  HQ,  but  also  the 
solid  chlorides  of  the  gastric  contents,  were  taken  into  consideration. 
Reissner  was  able  to  show  that  in  cancer  of  the  stomach  the  total  chlorine 
percentage  of  the  gastric  contents  does  not  suffer  a  decrease  in  propor- 
tion to  the  diminished  HO  values,  as  is  the  case  in  other  gastric  diseases 
accompanied  by  a  diminished  HQ  production,  but  that  it  nearly  always 
maintains  its  average  value  even  until  shortly  before  death.  Since 
there  was  no  increased  supply  of  NaQ,  this  result  means  that, 
even  though  the  stomach  has  secreted  HQ  in  normal  quantities,  the 
larger  part  of  it  must  have  been  acted  upon  at  once  by  basic,  non-albu- 
minous bodies.  Further  investigation  showed  that  these  bodies  are  fixed 
alkalis  contained  in  the  tumour-juice  which  is  being  secreted  from  the 
surface  of  the  new  growth.  Such  a  secretion  can,  of  course,  only  take 
place  when  the  tumour  is  ulcerating,  or  when  there  has  been  at  least  a 
loss  of  superficial  epitheliima.  It  is  known  that  malignant  new  growths 
of  the  stomach  and  of  the  adjoining  parts  of  the  oesophagus  ulcerate  at 
an  early  stage.  Beissner  is  further  justified  in  saying  that  often  a  loss 
of  substance  has  taken  place  on  the  surface  of  tumours,  even  when  the 
naked-eye  appearances  are  still  normal.  It  is  certain,  at  any  rate,  that 
an  increase  in  the  fixed  chlorides  of  the  gastric  contents  appears  nearly 

^  The  rasultB  of  »  very  extensive  Bories  of  obeerrations  on  thirty-four  oases  of  oaroinoma 
and  four  cases  of  sarcoma  of  organs  other  than  the  stomach  or  its  j^roximity,  have  been 
published  recently  by  Moore  and  his  collaborators  (182).  In  practically  all  cases  there 
was  a  marked  diminution  in  the  secretion  of  hydroohlorio  acid.  Their  results  have  been 
confirmed  by  Parker  (183),  who  examined  fourteen  cases  of  malignant  new  growths. 
Both  Moore  and  Parker  examined  the  sastric  contents  of  patients  suffering  from  non- 
malignant  affections,  and  a^ree  in  finding  almost  regularly  a  diminished  secretion  of 
hydrochloric  acid  in  non-malignant  cases.  Parker  has  peid  special  attention  to  the  flnneral 
condition  of  the  patients,  ami  comes  to  the  conclusion  that  neither  psychical  influence 
nor  cachexia  can  account  for  the  diminution  in  the  hydrochloric  acid  secretion,  but  that 
the  diet  and  life  in  a  suigical  waid  may  be  the  caose. 
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always  together  with  the  absence  of  free  HQ  [von  Tabora  (22),  Gowes 
and  Jeffcot  (23)]. 

There  are  still  further  proofs  that  there  is  a  production  of  tumour- 
juice  at  an  early  stage.  Stahelin  (24)  introduced  into  the  empty  and 
well-cleansed  stomach  of  his  cancerous  patients  a  definite  quantity  of 
HQ,  and  observed  after  a  short  interval  that  a  considerable  portion  of 
it  had  been  neutralized  by  an  alkaline  juice.  Rosenberger  (24)  showed, 
with  artificial  digestive  mixtures,  that  the  addition  of  small  quantities  of 
fresh  cancerous  tissue  caused  a  neutralization  of  HQ.  It  will  be  later 
shown  that  this  effect  is  due  to  the  production  of  basic  digestive  products 
possessing  an  avidity  for  HQ.  Finally,  H.  Salomon  (25)  observed  that 
the  liquid  obtained  from  washing  the  empty  cancerous  stomach,  which 
had  been  carefully  cleansed  the  previous  evening,  contained  greater 
quantities  of  protein  matter  and  an  increased  percentage  of  nitrogen  as 
compared  with  the  contents  of  the  stomach  in  other  diseases.  This  fact, 
confirmed  by  several  investigators  (26,  27,  28),  is  not  only  of  theoretical, 
but  abo  of  practical  interest,  because  it  may  serve  as  a  means  for  the 
early  diagnosis  of  cancer  of  the  stomach. 

If  all  these  numerous  investigations  in  the  secretion  of  HQ  are  taken 
together,  we  must  conclude  that  in  cancer  of  the  stomach  and  of  the 
adjoining  organs  (oesophagus,  duodenum  with  gall-bladder  and  pancreas) 
it  is  not  in  most  cases  a  question  of  a  diminished  production  of  HQ,  but 
only  a  question  of  a  rapid  neutralization  of  HQ  brought  about  by  the 
secreted  tumour-juice.  StQl,  it  may  be  admitted  that  the  development  of 
a  malignant  new  growth  anywhere  in  the  body — even  sarcomata  are  asso- 
ciated with  a  deficiency  of  HQ  [Moore  (18),  Pstrokonski  (29)] — ^may  also 
influence  the  gastric  secretion.  This  is,  however,  not  a  specific  effect, 
but  it  is  a  consequence  of  the  diminished  resistance  of  the  tissues,  which 
occurs  together  with  general  cachexia  and  advanced  ansemia. 

(6)  Ferments. 

By  the  development  of  a  malignant  new  growth  in  the  stomach, 
the  ferments  of  the  gastric  juice  are  less  affected  than  is  the  case  with 
the  hydrochloric  acid.  From  the  investigations  of  A.  Hammerschlag 
(12),  B.  Schorlemmer  (30),  B.  Oppler  (31),  and  others,  it  can  be  con- 
cluded with  certainty  that  the  action  of  pepsin  and  rennet  continues  long 
after  the  free  HQ  has  disappeared.  This  fact  also  lends  support  to  the 
view  that  it  is  not  the  secretion  of  HQ  that  is  affected.  Where  there  is 
a  distinct  decrease  of  the  pepsin  secretion,  it  may  be  explained  by  an 
anatomical  or  functional  injury  of  the  mucous  membrane.  This  view  is 
in  agreement  with  the  fact  that  in  cases  of  tumours  of  the  fundus  the 
secretion  of  rennet  and  of  pepsin  is  always  simultaneously  decreased, 
whereas  in  cases  of  tumours  of  the  pylorus  the  secretion  of  pepsin  alone 
is  diminished,  the  secretion  of  rennet  (which  arises  exclusively  from  the 
glands  of  the  fundus)  remaining  normal  [K.  Glassner  (32)].  It  is  not 
known  how  the  ferments  behave  in  cases  of  cancer  of  organs  other  than 
the  stomach. 

Apart  from  the  physiological  action  of  the  gastric  ferments,  yet  another 
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action,  peculiar  to  cancer  only,  takes  place  in  the  gastric  contents  in 
cases  of  carcinoma  ventriculi. 

Starting  from  the  observation  that,  as  a  rule,  a  large  HCl  deficiency 
exists  in  the  carcinomatous  stomach,  even  when  the  acidity  is  high, 
Emerson  (24),  in  F.  Miiller's  laboratory,  analyzed  most  carefully  the 
protein  substances  of  the  gastric  contents.  The  result  showed  that  one 
hour  after  the  intake  of  a  test  breakfast  an  average  of  about  60  per  cent, 
of  the  dissolved  albumin  hcul  been  transformed  beyond  the  form  of 
albimioses  in  the  stomach  of  a  normal  individual,  while  in  a  stomach 
affected  with  cancer  72-5  per  cent,  had  undergone  this  change.  In  the 
normal  stomach  there  were  16*9  per  cent.,  in  the  cancerous  stomach 
27*6  per  cent,  of  nitrogenous  substances  which  could  not  be  precipitated 
by  phospho-timgstic  acid.  These  results  have  been  confirmed  recently 
by  Rosenberg  (33).  By  means  of  artificial  digestion  experiments, 
Emerson  was  enabled  to  throw  light  on  this  fact.  He  compared  the 
digestion  in  a  pepsin  HCl  mixture,  to  which  a  piece  of  fresh  cancerous 
tissue  had  been  added,  with  the  digestion  in  a  control  mixture  which 
contained  a  piece  of  boiled  cancerous  tissue.  He  found  that  the  diges- 
tion of  the  protein  substances  was  more  advanced  in  the  mixture  con- 
taining fresh  cancerous  tissue  than  in  the  control  mixture.  This  indicates 
clearly  tiiat  cancerous  tissue  contains  a  ferment  the  action  of  which  is 
similar  to  the  ferment  which  effects  autolytic  processes.  It  has  not  yet 
been  decided  whether  this  ferment  is  a  specific  ferment  peculiar  to  can- 
cerous tissue,  or  whether  it  belongs  to  the  class  of  the  autolytic  ferments 
common  to  all  tissues.  Since  cancerous  tissue  exhibits  a  marked  ten- 
dency for  autolysis  and  for  decay,  the  latter  hypothesis  is  the  more 
probable. 

2.  Motility  and  Absorption. 

Through  the  development  of  cancer,  the  motility  of  the  stomach 
suffers  to  a  lesser  or  greater  d^ree ;  frequentiy  this  takes  place  even  at 
an  early  stage.  Especially  in  cases  of  carcinoma  of  the  pylorus,  which  are 
the  commonest  causes  of  stenosis  of  the  pylorus,  is  the  motility  of  the 
stomach  impaired. 

In  these  cases  the  constriction  is  due  mostly  to  purely  mechanical 
causes  ;  spasmodic  conditions  may  appear  in  the  early  stages,  but  they  are 
of  lesser  importance  than  in  the  case  of  ulcers  or  of  h3rperacidity.  The 
effects  of  carcinomatous  constriction  of  the  pylorus  are  the  same  as  those 
of  stenosis  of  any  other  origin.  They  lead  to  stagnation  and  decom- 
position of  the  gastric  contents  on  the  one  hand,  and  to  inanition  on  the 
other  hand,  so  that  we  may  here  refer  to  the  chapter  on  Ghistric 
Diseases. 

Similar  symptoms,  though  rarely  as  prominent,  may  appear  either  in 
cases  of  carcinoma  of  the  duodenum  or  gall-bladder,  or  in  carcinoma  of 
the  pancreas.  Malignant  new  growths  of  the  oesophagus  and  of  the 
cardiac  end  of  the  stomach,  if  they  lead  to  constriction,  cause  inanition, 
together  with  stagnation  in  the  oesophagus,  while  the  gastric  digestion 
may  remain  relatively  intact. 

The  development  of  cancer  in  the  stomach- wall  must  not  necessarily  be 
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an  obstacle  to  the  motility  of  the  stomach,  but  in  these  cases  too  a  slight 
disturbance  of  the  motility  is  often  found  [Boas,  A.  Hammeisehlag  (12)]. 
When  there  is  a  constant  appearance  of  lactic  acid  in  the  gastric  contents, 
while  HQ  is  absent,  a  simultaneous  impairment  of  the  motility  must 
always  be  thought  of,  and  careful  analysis,  as  a  rule,  confirms  this  sus- 
picion (see  below).  Extensive  infiltration  of  the  stomach  wall,  with 
cancer,  may  lead  to  an  insufficiency  of  the  pyloric  ring,  and  then  the 
stomach  may  empty  itself  more  rapidly  instead  of  more  slowly. 

Cancer  of  organs  other  than  the  stomach  and  its  proximity  has,  as  far 
as  it  is  known,  no  effect  upon  the  movements  of  the  stomach. 

Disturbances  of  the  absorption  from  the  stomach,  resulting  from  the 
development  of  cancer,  may  occur,  but  they  are  practically  of  no  signifi- 
cance. 

3.  Proeesses  of  Decomposition. 

Each  one  of  the  two  conditions  occurring  in  cancer — ^namely,  the 
absence  of  free  HQ  and  the  diminished  motility  of  the  stomach — ^is  by 
itself  sufficient  to  cause  decomposition  processes  to  occur  in  the  gastric 
contents.  If  the  two  factors  are  combined,  these  processes  are  even  more 
readily  incited.  This  statement,  based  on  facts  which  are  discussed  in 
the  chapter  on  Diseases  of  the  Stomach,  holds  good  in  cases  of  cancer  of 
the  stomach.  Especially  when  the  development  of  a  tumour  in  the  region 
of  the  pylorus  has  made  it  more  difficult  for  the  stomach  to  empty  its  con- 
tents into  the  duodenum,  the  contents  stagnate  and  undergo  an  extensive 
decomposition^  where  various  processes  (lactic  acid*,  butyric  acid-, 
alcohol-  and  acetic  acid-fermentation,  and  putrefaction  of  protein)  may 
be  combined.  When  the  mechanism  which  is  responsible  for  the  passage 
of  food  from  the  stomach  is  less  affected,  as  is  the  case  in  cancer  of  the 
wall  of  the  stomach,  or  in  the  early  stages  of  cancer  of  the  pylorus,  lactic 
acid  fermentation  is,  as  a  rule,  the  only  abnormality.  This  process 
occurs  at  such  an  early  stage  that  it  has  been  thought  to  be  a  specific 
symptom  of  the  development  of  cancer  in  the  stomach. 

In  order  to  test  this  supposition,  it  is,  of  course,  necessary  that  the 
lactic  acid  contained  in  the  food  (all  our  bread  contains  traces  of  it) 
should  be  excluded.  Boas  (34)  succeeded  in  doing  this  by  substituting 
porridge  mcuie  from  Knorr's  lactic-acid-free  oatmeal  for  the  test  break- 
fast recommended  by  Ewald. 

From  the  results  of  numerous  examinations  in  various  gastric  diseases, 
he  concluded  that  the  appearance  of  lactic  acid  in  the  gastric  contents 
in  cases  of  cancer  might  be  considered  as  a  specific  symptom.  He  found 
that  the  lactic  acid  may  frequently  be  absent  in  other  non-carcinomatous 
diseases,  although  stagnation  of  the  contents  and  absence  of  free  HCl  may 
exist ;  while  in  cancer  it  appears  at  an  early  stage,  when  these  two  factors 
are  not  yet  pronounced.  Very  few  investigators  have  accepted  this 
interpretation  [Ekehom  (35),  Hammerschlag  (12)].  Hammerschlag 
believed  that  the  factor  peculiar  to  cancer  was  due  to  the  relative  defi- 
ciency in  pepsin.  The  majority  of  authors,  however,  have  refused  to 
accept  Boas*s  view  [H.  Strauss  (36),  De  Jong  (37),  Buhre  (38),  B.  Wagner 
(3),  Chiaruttini  (39),  Seelig  (40)].    In  a  later  paper  even  Boas  himself 
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arrived  at  the  conclasion  that  the  formation  of  lactic  acid  is  caused  by 
the  same  factors  in  cancer  of  the  stomach  as  in  cases  of  benign  gastric 
diseases — that  is  to  say,  that  the  cause  must  exclusively  be  looked  for  in 
the  combination  of  impaired  motility  and  a  deficiency  of  HQ.  Only, 
inasmuch  as  these  two  factors  appear  in  cancer  at  the  very  earliest  stage, 
often  even  before  they  can  be  detects  by  our  experimental  methods,  is 
lactic  acid  a  sjrmptom  characteristic  of  cancer.  This  may,  perhaps,  be 
explained  by  the  existence  of  crypts  and  niches  on  the  surface  of  the 
tumour,  where  small  fragments  of  the  gastric  contents  may  undergo  a 
local  stagnation  at  the  beginning  of  the  disease.  According  to  Sick  (181), 
the  formation  of  lactic  acid  is  aided  considerably  by  the  products  of  decay 
of  the  cancerous  tissue. 


B.— INFLUENCE  OF  CANCER  ON  INTESTINAL  DIGESTION. 

The  question  whether  the  development  of  cancer  has  any  influence 
on  intestinal  digestion  has  never  been  closely  and  comprehensively 
studied,  because  a  specific  influence  on  the  functions  of  the  intestine, 
similar  to  that  which  had  been  believed  to  exist  in  the  case  of  the  gastric 
juice,  hcul  never  been  observed  or  asserted.  On  the  contrary,  any  dis- 
turbance of  the  intestinal  digestion  due  to  cancer  (we  have  to  deal  here 
only  with  cancer  of  the  digestive  organs  themselves)  may  be  traced  back 
without  any  difficulty  to  local  influences,  physical  or  chemical.  We  may 
therefore  confine  ourselves  to  a  brief  discussion  of  the  various  conditions 
which  result  from  cancer,  and  refer  for  a  detailed  study  to  the  chapter  on 
Diseases  of  the  Stomach  and  Intestine,  where  these  conditions  will  be 
discussed  at  length,  without  regard,  however,  to  their  special  relation  to 
cancer. 

Glinical  experience  teaches  that  cancer  of  the  stomach  is  not  neces- 
sarily followed  by  any  intestinal  disturbances,  not  even  when  the 
characteristic  changes  of  the  gastric  functions,  such  as  a  deficiency  in 
HQ,  a  slight  disturbance  of  the  motility  of  the  stomach,  or,  again,  a 
formation  of  lactic  acid,  could  be  clearly  demonstrated.  This  corresponds 
to  the  conditions  seen  in  achylica  gastrica  and  in  atony,  the  effects  of  which 
on  the  metabolism  are  also  frequently  limited  to  the  gastric  digestion. 

Secondary  intestinal  disturbances,  however,  may  occur  in  cancer  of 
ihe  stomach  even  at  an  early  stage.  In  the  first  place,  we  meet  here  with 
the  so-called  gastrogenous  forms  of  diarrhoea.  They  are  caused  by  the 
deficiency  of  HGI,  and  the  consequent  insufficient  digestion  of  the  connec- 
tive tissue  contained  in  the  food.  They  are  brought  about  by  putrefac- 
tive and  fermentative  organisms  migrating  into  and  settling  in  the  intestine. 

Since  no  special  attention  has  been  paid  to  the  appearance  of  these 
diarrhoeas  in  cancer  of  the  stomach,  I  shall  illustrate  them  by  an  example : 

G.  M.,  workman,  sixty  yean,  suffered  from  severe  diarrhcBa  for  about  six  weeks 
without  having  any  symptom  of  gastric  disorder.  He  was  badly  nourished,  his 
teeth  were  derective,  and  his  vertebral  column  somewhat  stiff.  Thoracic  organs 
healthy;  abdomen,  no  resistance,  not  sensitive  to  pressure;  urine  normaL  No 
flatulence,  no  vomiting,  and  no  stomach  trouble  whatever.  Siphonage  of  the 
castric^contents  was  repeatedly  tried,  bat  the  test  breakfast  could  not  even  partly 
be  recovered.    The  stools  were  constantly  liquid,  undigested  connective  tissue 
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and  fragments  of  muscle  being  present,  but  no  mucus.  MioroscopioaUy,  there  were 
no  abnormal  appearances,  especially  no  long  bacilli.  Neither  fermentation  nor 
putrefaction  was  present.  By  the  rectum  nothing  abnormal  could  be  felt.  The 
diarrhoea  proved  intractable.  The  patient  became  more  and  more  emaciated. 
Po^mortem  there  was  ex  tensive  ulcerated  carcinoma  of  the  cardiac  end  of  the 
stomach,  with  small  metastases  in  the  liver.  The  whole  of  the  intestine  was  abso- 
lutely normaL 

Further,  inanition,  frequently  accompanied  by  constipation,  will 
naturally  appear  so  soon  as  the  disturbance  of  the  motility,  or  the  vomiting 
following  upon  cancer  of  the  stomach,  becomes  more  pronounced.  Lastly, 
when  the  cancerous  growth  extends  to  the  transverse  colon,  the  intestinal 
passage  may  be  obstructed,  or  when  the  tumour  begins  to  break  down, 
a  gastro-coUc  fistula  may  be  established,  and  lead  to  lienteric  diarrhoBa. 

The  development  of  cancer  in  the  duodenum,  in  the  gall-bladder,  in 
the  liver,  or  in  the  pancreas,  is  considered  to  be  the  cause  of  disorders  of 
biliary  or  pancreatic  secretion.  The  symptoms  of  these  conditions  are 
discussed  in  the  chapter  on  Intestinal  Diseases.  An  extensive  car- 
cinomatosis of  the  liver  may  cause  coma  carcinomatosum  (see  below. 
Parts  m.  and  V.),  just  as  carcinoma  of  the  pancreas  may  account  for  the 
occurrence  of  diabetes  (c/.  Diabetes). 

The  function  of  the  intestine  may  be  affected  in  a  great  many  ways  by 
cancer  of  the  intestine,  the  disturbances  varying  according  to  the  site  of 
the  tumour,  its  mode  of  spreading,  and  the  extent  to  which  it  is  necrosed. 
The  secretion  of  the  intestine  is  not,  as  a  rule,  impaired  to  any  consider- 
able extent,  except  when  whole  areas  of  the  intestinal  mucous  membrane 
are  affected;  it  need,  therefore,  not  be  considered.  The  mechanical 
functions  may  show  various  grades  of  impairment,  ranging  from 
stenosis  to  complete  occlusion,  with  their  subsequent  phenomena.  Diar- 
rhoea occurs  specially  in  the  case  of  necrosed  tumours ;  it  may  be  due 
to  stimulation  of  the  motor  nerves  of  the  intestine,  but  more  frequently 
it  is  the  consequence  of  extensive  processes  of  decomposition. 

The  absorption  is,  of  course,  always  affected  whenever  there  is 
diarrhoea,  or  when  the  secretion  of  the  gidl-blcuider  and  of  the  pancreas  is 
impaired.  Cancer  of  the  stomach  or  of  more  remote  organs  (cesophagus, 
uterus,  penis)  does  not  necessarily  interfere  with  the  absorption,  as  the 
careful  metabolism  experiments  of  F.  Miiller  (1)  and  6.  Klemperer  (2) 
have  shown.  The  excretory  activity  of  the  intestine  may  be  disturbed 
by  malignant  new  growths  in  the  colon  or  in  the  rectum.  In  such  a  case 
the  rectum  secretes  frequently  an  abimdance  of  mucus,  pus,  and  blood. 

Lastly,  the  putrefactive  processes  in  the  intestinal  canal  have  to  be 
discussed.  They  may  be  increased  in  the  case  of  any  malignant  new 
growth  of  the  intestinal  canal,  either  because  important  secretions  are 
wanting,  or  because  the  motility  is  dimimshed,  or,  lastly — and  this  is 
certainly  the  commonest  cause — ^because  ulcerative  processes  take  place 
on  the  surface  of  the  tumour.  In  this  last  condition  the  effect  is  brought 
about  in  a  twofold  way.  Substances  are  secreted  which  are  easily 
decomposed,  while  at  the  same  time  a  good  nutrient  medium  is  offered 
to  putrefactive  organisms.  We  should  therefore  not  be  surprised  to 
meet  with  symptoms  of  an  increased  putrefaction  of  the  intestines 
in    the   great   majority   of   cases  of   intestinal  carcinoma.     Since  the 
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pati^actdve  processes  in  the  intestine  have  up  to  now  been  studied 
only  in  the  products  of  putrefaction,  which  reappear  in  the  urine 
as  phenol,  indican,  etc.,  without  reference  to  the  substances  con- 
tained in  the  fseces,  these  conditions  will  be  discussed  in  the  section 
on  Urine.  The  question  whether  malignant  new  growths  of  organs  other 
than  those  of  the  digestive  tract  affect  the  putrefactive  processes  in  the 
intestine  wiU  also  be  dealt  with  in  the  same  place. 


n.— EFFECT  OF  THE  DEVELOPMENT  OF  CANCER  XJPON 

THE  BLOOD. 

During  the  development  of  cancer  the  blood  frequently  undergoes 
changes  which  manifest  themselves  clinically  as  a  more  or  less  severe 
aniffimia.  Here  again  it  is  especially  cancer  of  the  stomach  that  is 
asflociated  with  an»mia,  while  cancer  of  the  uterus  and  other  internal 
organs  comes  next  in  order.  Though  the  anmmia  is  by  no  means  a  con- 
stant symptom  of  the  growth  of  cancer,  some  investigators  insist  on  its 
being  a  specific  effect  of  the  hypothetical  cancer  toxin. 

A.— IITFLUENCB  OF  CAHCER  OH  THE  BLOOD. 
1.  The  Red  Blood-Corpuscles. 

It  has  long  been  known  that  the  red  blood-corpuscles  are  diminished 
in  cancer  (43  to  66).  All  observers  agree  that  in  the  earliest  stages  the 
decrease  is  small  and  hardly  noticeable,  while  exceedingly  low  values 
may  be  found  in  more  advanced  cases.  There  is,  however,  not  a  strict 
parallelism  between  the  degree  of  anaemia  and  the  degree  of  cachexia, 
or — since  the  conception  of  cachexia  includes  a  certain  amount  of  anasmia 
— ^the  emaciation  of  the  patient.  A  considerable  diminution  of  the  red 
blood-corpuscles  occurs  sometimes  in  the  earliest  stages  of  carcinoma, 
especially  of  cancer  of  the  stomach  [Laker  (67)],  when  the  internal  organs 
have  imdergone  but  slight  changes.  It  has  been  suggested  to  make  use 
of  this  sjrmptom  in  a  differential  diagnosis  from  gastric  ulcer.  But  the 
results  of  observation  vary  too  much.  Besides,  small  hsBmorrhages  may 
diminish  the  number  of  erythrocytes  even  in  very  early  stages  of  gastric 
ulcer.  According  to  Henry  (64),  1,600,000  per  c.mm.  is  a  minimal  value, 
any  further  decrease  suggesting  the  diagnosis  of  pernicious  ansBmia. 
But,  as  von  Limbeck,  E.  Grawitz  (61),  and  Lubarsch  (68)  have  observed 
values  below  1,000,000  per  c.mm.,  no  definite  law  can  be  established.  As 
a  rule  the  figures  range  above  2,000,000. 

There  are,  however,  cases  of  malignant  new  growths  where  the 
opposite  condition  appears,  because  the  site  of  the  tumour  produces  an 
impairment  of  absorption  (oesophagus,  fundus,  pylorus).  This  may  lead, 
not  only  to  a  lack  of  water  in  the  tissue,  but  also  inspissation  of  the  blood, 
so  that  it  flows  '*  like  tar  "  from  the  blood  vessels.  In  these  conditions 
the  number  of  blood-corpuscles  per  c.c.  is  increased,  although  the  total 
nimiber  may  still,  of  course,  be  diminished. 
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In  the  ansemia  of  cancer,  the  form  of  the  red  corpuscles  may  vary, 
just  as  in  secondary  anaemia.  Poikilocytosis,  micro-  and  macrocjrtes 
[according  to  Malassez,  Osterspey,  Strauer,  and  others]  may  be  found. 
Normoblasts  and  even  megaloblasts  have  been  observed  [Qrawitz,  Bencki]. 
Megaloblasts,  however,  are  rare,  and  normoblasts  occur  less  frequently 
than  in  other  forms  of  ansBmia.  In  any  case,  the  view  maintained  by 
Jez  that  they  are  more  numerous,  especially  in  the  early  stages,  does 
not  agree  with  the  facts.  Nor  does,  in  the  anaemia  of  cancer,  the  bone- 
marrow  constantly  show  signs  of  an  increased  function.  Constant  rela- 
tions between  the  degree  of  anaemia  and  the  appearance  of  the  bone- 
marrow  cannot  be  established  in  cancer  [Schur  and  Loewy  (63)].  The 
investigations  made  by  Lang  (64)  have  shown  that  the  resistance  of  red 
blood-corpuscles  to  a  hypotonic  Nad  solution  is  increased  in  cancer, 
showing  in  this  respect  the  same  behaviour  as  during  infective  processes 
and  icterus. 

2.  Specifle  Gravity  and  Percentage  of  Haemoglobin  in  Blood. 

The  specific  gravity  of  blood  is  diminished  in  cancer.  The  normal 
specific  gravity  ranges  from  1*0691  for  men  to  1-0562  for  women.  In  this 
respect  the  observations  of  all  the  authors  agree  (64  to  69).  Grawitz 
found  values  of  1-046  and  1040,  and  Boas  1-0275  and  10272.  The 
cause  for  this  phenomenon  is  to  be  found  in  the  diminished  percentage 
of  haemoglobin,  which  in  turn  depends  upon  the  reduced  number  of  red 
blood-corpuscles.  At  all  events,  most  investigators  (see  above,  under  1) 
find  an  almost  parallel  decrease  of  both  factors.  Haberlin  (70)  and 
Engelsen  (71)  stand  alone  in  maintaining  that  the  diminution  of  the 
percentage  of  haemoglobin  is  greater  than  that  of  the  number  of  erythro- 
cytes. However,  the  results  of  more  recent  investigations  [Rencki, 
Krokiewicz]  refute  their  statements. 

The  diminished  percentage  of  haemoglobin,  as  well  as  the  decrease 
in  red  blood-corpuscles,  is  independent  of  the  cachexia — that  is,  of  the 
emaciation  and  loss  of  strength  [Laker  (67)].  In  cancer,  60  per  cent, 
of  haemoglobin  is  found  on  an  average,  the  lowest  value  which  has  been 
observed  being  10  per  cent.  [Habelin  (70),  Eichhorst  (72)]. 

3.  Percentage  of  Nitrogen  and  Protein  Substanees. 

A  diminution  of  the  nitrogen  percentage  of  the  blood  and  of  the 
protein  percentage  calculated  from  it  has  been  observed  by  von  Jaksch  (73). 
His  figures  are  as  low  as  8-46  grammes  protein.  According  to  H.  Wendel- 
stadt  and  L.  Bleibtreu  (74),  the  nitrogen  percentage  of  the  serum  also  is 
often  decreased  in  cancer.  In  one  case  of  canoer  of  the  stomach  100 
grammes  of  blood  contained  0*79  gramme  nitrogen,  instead  of  2  to  2*6 
grammes,  as  is  found  normally. 

4.  Dry  Residue. 

In  the  anaemia  of  cancer,  the  dry  residue  of  the  blood  is  decreased 
[Stintzing  and  Gumprecht  (75)].    This  holds  good  not  only  for  the  total 
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blood,  but  also  for  the  serum  [E.  Grawitz  (68)].  One  is  justified,  there- 
fore, in  speaking  of  a  dilution  or  a  watery  condition  of  the  blood. 

Considered  together,  the  changes  of  the  blood  in  cancer  form  a  group 
of  symptoms  which  may  also  be  met  with  in  the  most  varied  forms  of 
secondary  an»mia.  The  anrnmia  of  cancer  is  a  constituent  part  of  the 
cachexia  of  cancer,  although,  as  we  have  seen,  it  by  no  means  keeps 
pace  always  with  the  emaciation  and  with  the  loss  of  strength.  How  it 
originates  is  a  question  which  it  is  difficult  to  answer,  and  is  as  yet  an 
unsolved  problem. 

By  drawing  an  analogy  with  myoma  of  the  uterus,  gastric  ulcer,  etc., 
we  might  think  at  first  of  chronic  losses  of  blood,  and  many  facts  lend 
supi>ort  to  such  an  inference.  There  is,  for  instance,  the  marked  fre- 
quency with  which  the  anemia  of  cancer  is  met  with  in  malignant  new 
growths  of  the  uterus  and  of  the  iutestinal  tract — ^that  is,  in  tumours 
which  either  lead  to  manifest  haemorrhages,  or,  where  the  occurrence  of 
less  extensive  and  less  apparent,  hemorrhages  can  easily  be  demon- 
strated (gastric  and  intestinal  cancer).  Boas  and  Kochmann  (76)  even 
consider  the  absence  of  these  smidl  hemorrhages  as  exceptional,  a 
view  which  is  refuted  by  B.  Wagner  (3)  and  others.  It  is  certainly  a 
remarkable  fact  that  in  gastric  ulcer,  where,  as  a  rule,  more  or  less  exten- 
sive haemorrhages  occur  regularly,  severe  anaemia  is  met  with  less  fre- 
quently than  in  cancer.  This  might  be  due  to  the  regenerative  powers 
of  the  blood  in  gastric  ulcer  being  greater  than  in  cancer,  where  the 
general  cachexia  and  the  frequent  formation  of  metastases  in  the  osseous 
system  interfere  with  the  transformation  of  yellow  iuto  red  marrow. 

A  second  possible  explanation  of  the  origin  of  the  anaemia  of  cancer  may 
be  sought  for  in  the  absorption  of  haemolytic  products  from  the  cancerous 
surface.  This  view  is  borne  out  by  the  fact  that  anaemia  is  assodajbed 
especially  with  the  later  stages  of  cancer,  when,  in  the  majority  of  cases, 
— at  any  rate,  in  cancer  of  the  iutestinal  tract — ^ulcerations  on  the  surface 
are  already  existing.  Besides,  certain  forms  of  anaemia  in  septic  con- 
ditions offer  many  points  for  comparison.  There  are,  however,  certain 
facts  which  are  not  in  accordance  with  this  idea.  The  anaemia  of  cancer 
is  often  not  accompanied  by  fever,  and  especially  in  cancer  of  the  stomach 
it  may  occasionally  appear  at  a  stage  when  the  tumour  is  still  circum- 
scribed, and  certainly  not  ulcerating,  and  when  it  has  not  yet  brought 
about  any  functional  disturbances.  Such  cases  have  been  described  by 
Orawitz  and  others,  and  have  repeatedly  come  under  my  own  observation. 

Lastly,  it  is  possible  to  ascribe  the  anaemia  of  cancer,  as  do  the  majority 
of  authors,  to  specific  toxic  substances  secreted  by  the  cancerous  tissue 
and  entering  into  the  blood-stream.  This  hypothesis  takes  its  origin 
from  the  view  expressed  by  F.  Miiller  (1)  that  the  cachexia  of  cancer 
is  a  toxogenous  metabolism  of  protoplasm,  a  view  which  we  shall  have 
to  discuss  in  greater  detail  later  on.  Although  the  hypothesis  of  the 
specific  haemolysis  of  cancer  is  one  which  at  first  sight  appears  to  be  very 
plausible,  its  experimental  foundations  are  at  present  still  very  insuffi- 
cient. Grawitz  (77)  injected  intravenously  the  extract  of  fresh  can- 
cerous tissue  iuto  rabbits,  and  observed  it  to  have  the  effect  of  ^'  thinning  " 
the  blood*    In  some  cases,  Micheli  and  Donati  (78),  as  well  as  KuU- 
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mann  (79),  detected  hsomoljrtic  propertieB  in  extracts  of  carcinomatous 
tissue.  Bard  (80)  observed  the  same  in  haemorrhagic  transudates  in 
cancer.  While  these  results  are  very  interesting,  they  do  not  suffice  to 
settle  the  question,  for  the  hsBmolytic  substances  may  just  as  well  have 
been  absorbed  by  the  ulcerating  surface.  We  are  not  justified  in  drawing 
far-reaching  conclusions  with  regard  to  the  *'  specificity  "  of  the  condi- 
tion, for  experience  has  taught  us  that  the  anaemia  of  cancer  does  not 
present  any  features  which  would  distinguish  it  from  other  secondary 
ansBmias,  and  that  all  attempts  to  use  any  one  symptom  for  a  differential 
diagnosis  have  up  to  now  failed.  As  we  shall  return  to  this  question  at 
the  end  of  this  chapter,  we  shall  not  proceed  here  any  further  with  the 
discussion  of  the  anemia  of  cancer. 


B.— THE  EFFECT  OF  THE  DEVELOPMENT  OF  CANCER  UPON 
THE  LEUCOCYTES. 

Li  contrast  with  the  red  blood-corpuscles,  the  number  of  leucocytes 
is  generally  increased  in  cancer.  This  fact  has  been  known  for  a  long 
time,  and  has  been  confirmed,  especially  in  recent  years,  by  numerous 
investigators  (81  to  89,  46  to  55).  The  figures  which  have  been  obtaiued 
are,  on  the  whole,  however,  not  very  remarkable,  for  in  only  a  few  cases 
do  they  exceed  10,000.  Nor  is  leucoc3rto6is  in  any  way  a  constant 
accompaniment  of  the  growth  of  cancer.  Just  as  the  decrease  of 
red  corpuscles,  leucocytosis  is  not  strictly  proportional  to  the  degree  of 
cachexia,  even  though  it  increases,  generally  speaking,  with  the  growth 
of  cachexia.  In  connection  with  this,  it  is  perhaps  of  interest  to  note 
that  one  frequently  fails  to  find  a  leucocytosis  in  cases  of  a  carcinomatous 
stenosis  of  the  oesophagus  [Escherich,  Rieder  (90)]. 

The  origin  of  leucocytosis  was  considered  by  Virchow  to  be  due  to 
the  irritation  of  the  glands  by  metastatic  deposits,  a  view  which  has 
been  accepted  by  Ehrlich  and  Einhom  (91).  The  complete  destruction 
of  the  glands  by  cancer  is  supposed  to  reduce  the  leucocytosis  [Einhom, 
von  Noorden  (60)].  Escherich  and  Bieder,  as  well  as  Grawitz  (61),  who 
bases  his  view  on  his  experiments  on  rabbits,  attribute  the  leucocytosis 
to  an  iucreased  afflux  of  lymph  to  the  blood. 

In  any  case,  we  should  expect  an  increase  of  the  lymphocytes  to  be 
the  essential  feature  of  the  leucocytosis.  There  cure,  however,  a  few 
observations  on  record  where  the  iucrease  was  due  to  pol3aiuclear  leuco- 
cytes [Strauss  and  Bohnsteiu,  Rieder  (90)].  Besides,  all  investigators, 
even  Grawitz,  admit  that  the  relative  numerical  proportion  of  the  various 
forms  of  leucocytes  is  not  altered  in  a  uniform  manner  [c/.  Donati  (101)]. 
There  are  even  instances  in  which  the  eosinophilous  cells  are  especially 
numerous  [Reinbach  (92),  Feldbausch  (93)].  A  satisfactory  explanation 
of  the  leucocytosis  of  cancer  is  still  wanting.  Another  factor  has  yet  to 
be  taken  into  account — ^namely,  that  in  the  late  stages  of  tumour  growth 
certain  infective  organisms  enter  the  tissues  from  the  ulcerating  surface, 
and  produce  a  secondary  sepsis  [Rencki]. 

The  absence  of  the  digestion  leucocytosis  was  asserted  by  Schneyer  (94) 
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to  be  a  special  peculiarity  of  gastric  carcinoma  which  might  be  made  use 
of  for  diagnostic  purposes.  Normally,  the  digestion  leucocytosis  takes 
place  between  the  third  and  fourth  hour  after  a  meal.  The  increase  of 
leucocytes,  which  amounts  to  about  3,600,  is  supposed  to  be  due  to  the 
digestion  of  the  protein  substances.  Schneyer*s  work  led  to  a  great 
number  of  similar  observations,  but  only  few  authors  have  confirmed 
his  statements,  and  even  then  only  with  essential  limitations  [Hartung 
(64),  Jez  (62)].  The  greater  majority  conclude  that  the  digestion 
leucocytosis  is  not  invariably  absent  in  cancer  of  the  stomach  (95  to  101). 
On  the  other  hand,  the  absence  of  digestion  leucocytosis  is  of  such 
frequent  occurrence  in  other  gastric  diseases  (such  as  catarrh  and  gastric 
ulcer),  and  in  cachexia  due  to  other  causes,  that  it  is  by  no  means  char- 
acteristic only  of  cancer  of  the  stomach.  Under  these  circumstances, 
it  is  hardly  necessary  to  consider  more  closely  the  various  views  as  to  the 
cause  of  this  phenomenon.  AH  of  these  are  based  upon  the  idea  that 
there  is  an  insufficient  absorption  of  protein  substances.^ 


C— OTHER  CHANGES  IN  THE  BLOOD  IN  CANCEIL 

1.  Alkalinity. 

The  decrease  in  the  alkalinity  of  the  blood  which  obtains  in  other 
forms  of  severe  ansemia  occurs  also  in  the  anaemia  of  cancer,  especially  in 
its  advanced  stages.  It  may  be  inferred  from  this  fact,  which  has  been 
ascertained  by  different  methods  and  by  a  great  number  of  observers 
(102  to  107),  that  under  these  conditions  abnormal  acids  are  circulating 
in  the  blood.  According  to  von  Noorden  (60),  inorganic  acids,  such  as 
sulphuric  and  phosphoric  acids,  which  are  liberated  by  the  increased 
katabolism  of  the  tissue  protein,  play  the  most  imi>ortant  part.  This 
view  implies  a  parallelism  between  the  decrease  of  alkalinity  and  the 
destruction  of  the  body  protein — i.e.,  the  stage  of  cachexia — a  relation 
which  has  not  yet  been  established.  According  to  H.  Strauss,  who 
used  the  most  reliable  method — ^namely,  Loewy's  method  of  titrating 
laked  blood — the  decrease  in  alkalinity  is  by  no  means  constantly  asso- 
ciated with  the  development  of  cancer,  both  subnormal  and  normal 
values,  and  even  supernormal,  being  obtained.  It  is  therefore  more 
plausible  to  ascribe  the  decrease  of  alkalinity  to  the  presence  of  acetic 
and  )3-oxybutyric  acid,  and  to  assume  here  an  acid  intoxication,  such  as 
takes  place  in  inanition — a  condition  so  frequently  associated  with  the 
development  of  cancer.  Further  investigations,  however,  are  required  to 
settle  this  question.' 

^  In  a  recently  irablished  paper  Baradulin  (187)  states  that  the  digestion  leucocytosis 
IS  almost  alwa^  aosent  m  oanoer  of  the  stomach.  This  paper  deals  also  with  other 
changes  in  the  blood. 

'  By  a  new  method  of  titration,  Moore  and  Wilson  (185)  have  determined  the  alka- 
linity of  the  serum  in  a  number  of  cases  of  malignant  and  non-malignant  diseaae.  They 
find  a  slight  but  distinct  increase  in  the  alkalinity  of  the  serum  of  malignant  cases. 
According  to  Moore,  this  slight  increase  in  the  alkalinity  of  the  blood  is  tiie  cause  of 
malignant  disease.  It  is  also  responnible  for  the  diminished  secretion  of  hydrochloric 
aoid  in  the  gaatrio  oontenta  (c/.  p.  799). 
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2.  Chlorine— Phosphorus. 

The  chlorine  and  phosphorus  x>eroentage  is  another  point  in  which 
the  anffimia  of  cancer  resembles  other  forms  of  ansBmia.  By  extensive 
analyses,  W.  von  Moraczewski  (108)  has  shown  that  a  retention  of  these 
two  elements  takes  place.  This  is  especially  the  case  with  chlorine, 
which  in  cancer  accumulates  at  a  much  higher  haemoglobin  percentage 
than,  for  example,  in  chlorosis. 

3.  Percentage  of  Sugar. 

E.  Freund  (109)  found  r^ularly  in  the  blood  of  cancerous  patients  an 
increased  percentage  of  sugar  up  to  0*33  per  cent.  This  statement  was 
confirmed  by  Trinkler,  who  investigated  120  cases.  It  appears,  there- 
fore, that  some  importance  must  be  attached  to  this  fact,  and  that  one 
cannot  agree  with  Matrai  (111),  who  does  not  consider  it  to  be  a  charac- 
teristic feature  of  cancer,  since  the  percentage  of  sugar  in  other  severe 
forms  of  ansBmia  may  also  be  occasionally  increased.  However  that  may 
be,  the  bare  fact  alone  does  not  justify  any  further  conclusions. 

4.  The  Amylolytlc  Power  of  the  Blood. 

This  is  said  by  Achard  and  Clare  (112)  to  be  diminished  in  the 
cachexia  of  cancer. 

5.  Osmotic  Pressure. 

Israel  (113)  and  Engelmann  state  that  in  cancer  the  osmotic  pressure 
of  the  blood-serum,  as  measured  by  the  depression  of  the  freezing-point, 
is  higher  than  normal.  Engel  (116)  has  recently  contradicted  this  state- 
ment. He  never  observed  the  freezing-point  to  be  below  the  normal, 
if  he  excluded  the  fallacies  which  may  be  introduced  by  the  simultaneous 
existence  of  an  arterio-sclerosis,  an  acetonemia,  an  incompetency  of  the 
kidney,  or  an  insufficient  oxygenation  of  cyanotic  blood. 


6.  Toxicity  of  the  Blood. 

6.  Klemperer  (179)  observed  in  dogs  an  increased  protein  kataboUsm 
after  intravenous  injection  of  the  blood  of  cancerous  patients.  This 
single  observation  has,  however,  not  yet  been  confirmed. 


7.  HsBmolytic  Power. 

Ascoli  and  Kreibisch  have  observed  an  increase  in  the  hsdmoljrtic 
power  of  blood-serum  of  cancerous  patients.  These  observations  refer 
only  to  the  presence  of  isol3rsins.  Should  these  results  be  confirmed  by 
others,  it  is  possible  only  to  conclude  that  the  substances  which  have  been 


CANCER  811 

found  in  the  extracts  of  malignant  new  growths  are  absorbed  into  the 
circulation  [Micheli  and  Donati  (78),  Kullmann  (79)]. 

If  we  review  the  observations  grouped  together  in  the  Sections  B  and  C, 
we  must  conclude  that  they  give  just  as  little  evidence  for  the  presence 
of  a  specific  cancer  toxin  in  the  blood  as  the  facts  which  were  discussed 
in  Section  A.  All  the  various  statements,  disconnected  as  they  often  are, 
which  referto  the  changes  of  the  leucocytes  and  to  the  chemical  composition 
of  the  blood,  have  in  a  similar  way  been  advanced  in  other  severe  anaemias, 
especially  in  pernicious  ansemia.  Their  explanation  may  be  found  in 
the  combination  of  two  factors — ^the  destruction  of  the  blood,  and  its 
insufficient  renewal.  These  are  symptoms  which  frequently,  though  not 
r^ularly,  accompany  the  cachexia  of  cancer.  Although  it  may  appear 
plausible  to  ascribe  the  destruction  of  blood  to  the  action  of  toxic  sub- 
stances, it  cannot  be  urged  too  strongly  that  a  positive  proof  of  the 
existence  of  the  supposed  toxic  agent  is  up  to  the  present  day  still  lacking. 
Even  the  increase  in  the  hemolytic  i>ower  is  no  conclusive  evidence, 
although  great  stress  has  been  laid  upon  these  observations ;  for  such  a 
condition  has  been  observed  also  in  various  other  pathological  processes — 
e.g.,  in  pneumonia,  etc.  But  even  if  the  existence  of  a  cancer  toxin  in 
the  blood  had  been  proved  conclusively,  it  would  not  follow  that  the 
toxin  is  endogenous,  that  it  originates  in  the  cancer  tissue  itself.  It  may 
just  as  likely  have  penetrated  into  the  tumour  from  the  exterior  through 
the  frequently  ulcerated  surface. 


m.— INFLUENCE  OP  CANCER  UPON  THE  NUTRITION 
AND  THE  DECOMPOSITION  OP  PROTEIN. 

In  the  foregoing  sections  we  have  repeatedly  mentioned  the  cachexia 
of  cancerous  patients.  This  is  a  peculiar  group  of  symptoms  which, 
though  not  occurring  exclusively  in  cancer,  is  so  closely  associated  with 
the  advanced  stages  of  the  disease  that  it  is  quite  characteristic  of  it. 
Besides  the  aniemia  which  wo  have  just  discussed,  the  cachexia  of  cancer 
includes  emaciation  and  a  decline  of  physical  strength.  With  these 
main  symptoms  there  also  occur  dryness  of  the  skin,  falling-out  of  hair, 
loss  of  appetite,  insomnia,  and  psychical  depression. 

The  emaciation  and  the  loss  of  physical  strength  proceed  together  in 
the  cachexia  of  cancer.  They  may  advance  more  rapidly  in  some  cases 
than  in  others,  but  they  invariably  appear  in  all  cancerous  patients, 
and  it  is  unnecessary  to  discuss  the  degree  to  which  they  may  develop. 
A  very  early  loss  of  the  body-weight  occurs,  as  a  rule,  in  cancer  of  the 
digestive  organs.  According  to  the  view  of  von  Noorden,  which  is,  how- 
ever, hardly  meant  to  be  taken  as  a  universal  rule,  the  muscular  apparatus 
of  cancerous  patients  is  most  affected.  He  holds  that,  comparatively 
often,  one  meets  with  carcinomatous  patients  who,  with  good  fat  reserves, 
are  yet  pining  away  with  loss  of  muscular  power.  In  any  case,  it  is  an 
established  fact  that  weakness  is  complained  of  at  an  early  stage,  when 
the  nutritive  condition  may  still  be  pronounced  as  being  fairly  good. 


812  THE  PATHOLOGY  OP  METABOLISM 


A.— INANITION. 

The  causes  of  the  emaciation  of  cancerous  patients  are  not  uniform. 
Various  factors  are  at  work  which  have  to  be  analyzed  in  order  to  arrive 
at  a  satisfactory  explanation.  Firstly,  we  have  to  consider  the  insuffi- 
cient nutrition  or  inanition.  This  is  either  due  to  a  loss  of  appetite,  or  it 
is  caused  by  mechanical  obstacles  which  prevent  the  intake  of  food. 
The  insufficient  absorption  of  food  brought  about  either  by  cancerous 
degeneration  of  important  digestive  glands,  or  by  a  secondary  disease  of 
the  intestinal  mucous  membrane,  must  also  be  taken  into  account  here. 
As  a  rule,  several  of  these  factors  act  simultaneously. 

The  loss  of  appetite  appears,  as  clinical  experience  teaches,  at  an 
early  stage,  not  only  in  cancer  of  the  digestive  organs,  but  also  in  all  other 
forms  of  cancer.  Von  Noorden  determined  in  three  cases  of  cancer  of  the 
stomach,  and  in  six  cases  of  cancer  of  the  uterus,  the  nutritive  value  of 
the  daily  food  chosen  by  the  patients  themselves,  and  obtained  the  low 
figures  of  300  to  1,200  cidories  pro  die,  or  18  to  28  calories  per  kilogramme 
of  body-weight. 

It  seems  a  matter  of  course,  therefore,  that  emaciation  and  the  break- 
ing down  of  fats  and  of  muscular  substance  should  occur.  By  stimu- 
lating the  appetite  by  means  of  successful  psychical  therapeutics  and  a 
careful  selection  of  food,  the  loss  of  weight  can  be  checked  in  some  cases  ; 
but  it  is  difficult  to  keep  up  a  plentiful  supply  of  food  permanently, 
because  the  patients  soon  refuse  the  food. 

The  supply  of  food  is,  of  course,  still  smaller  in  cases  where  mechanical 
impediments,  such  as  constriction  of  the  oesophagus,  of  the  cardiac  end 
or  of  the  plyoric  end  of  the  stomach,  are  present.  Such  conditions  may 
lead  to  complete  inanition.  Since  we  shsJl  have  to  return  to  this  point 
later  on,  we  shall  only  mention  here  that,  according  to  observations  made 
on  Cetti,  Breithaupt,  and  others  who  submitted  themselves  to  an  acute 
state  of  starvation,  a  man  loses  during  the  first  ten  days  about  10  to  11 
grammes,  a  woman  only  from  about  4  to  6  grammes.  In  cases  of  chronic 
mahiutrition,  when,  on  account  of  a  gradually  decreased  food-supply,  the 
body  is  slowly  wasting,  the  organism  can  maintain  its  equilibrium  with  far 
smaller  nitrogen  quantities.  For  females  3  to  4  grammes  nitrogen  have 
been  observed  to  be  sufficient  [Fr.  MiiUer  (1),  von  Noorden  (119)].  It  is 
unnecessary  here  to  dwell  on  the  disturbances  of  the  absorption  which  may 
be  brought  about  either  by  the  cancerous  degeneration  of  the  digestive 
glands,  such  as  the  liver  and  pancreas,  or  by  the  closing  of  their  excretory 
ducts  by  the  proliferation  of  malignant  new  growths.  These  conditions 
will  be  dealt  with  in  the  chapter  on  Intestinal  Diseases.  We  only  wish  to 
call  attention  to  the  fact  once  more  that  diarrhoea  frequently  appears, 
not  only  in  cancer  of  the  intestine,  but  also  in  cancer  of  the  stomach. 
The  nutrition,  already  impaired,  will  then,  of  course,  be  still  further 
affected  [Fr.  MiiUer  and  others]. 
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B.— PATHOLOGICAL  DISINTEGRATION  OF  THE  TISSUE 

PROTEIN. 

Malnutrition  may  not  be  the  only  cauBe  of  the  loss  of  body-weight 
and  of  the  loss  of  strength  in  the  cachexia  of  cancer.  There  is  yet  another 
factor  which  is,  however,  not  easily  demonstrated,  and  has  therefore  given 
rise  to  much  discussion — ^namely,  a  pathologically  increased  disintegra- 
tion of  protein.  After  a  great  many  investigators  had  unsuccessfully 
attacked  this  problem,  it  was  solved — at  least,  to  a  certain  extent — by 
the  important  investigations  of  F.  Miiller  in  1889.  By  a  careful  analysis 
of  the  metabolism  of  various  cancerous  patients  not  suffering  simul- 
taneously from  fever  or  from  oedema,  he  found  that  the  nitrogen 
losses  of  certain  patients  suffering  from  gastric  cancer  exceeded  con- 
siderably the  amount  that  could  be  explained  as  being  due  to  the 
existent  inanition.  The  abnormally  increased  disintegration  of  protein 
was  even  more  conspicuous  in  a  patient  suffering  from  carcinoma  of  the 
penis,  whose  intake  of  food  was  normal.  In  this  instance  Miiller  found 
it  impossible  to  balance  the  increase  in  the  protein  katabolism  by  an 
increased  food-supply.  Not  even  with  the  aid  of  a  daily  supply  of 
21  grammes  of  nitrogen  and  a  caloric  food  value  of  3,064  calories  could 
a  nitrogenous  equilibrium  be  established ;  the  output  still  exceeded  the 
intake.  Miiller  investigated  altogether  seven  cases  of  cancer  of  different 
organs.  In  two — ^a  carcinoma  of  the  pancreas  and  a  carcinoma  of  the 
mamma — ^the  protein  losses  were  not  greater  than  could  be  expected 
from  the  state  of  inanition.  Healthy  persons  in  similarly  poor  nutritive 
conditions  would  have  excreted  about  the  same  amount,  so  that  these  two 
cases  did  not  give  any  evidence  of  a  specific  effect  of  cancer  on  the  meta- 
bolism. In  four  cases  of  cancer  of  the  stomach,  however,  the  findings 
were  of  a  different  nature.  The  intake  of  food  was  reduced  to  such  a 
considerable  extent  that  the  patients,  all  of  whom  were  women,  were  in 
a  state  almost  approaching  starvation;  but  the  nitrogen  excretion 
exceeded  that  of  healthy  individuals  under  the  same  nutritive  conditions, 
and  amounted  to  8*3  to  12  grammes  nitrogen  per  diem.  The  seventh  and 
last  case  was  that  of  the  carcinoma  of  the  penis  mentioned  above. 

MiiUer's  results  are  of  special  interest,  and  I  have  given  them  in  detail 
because  they  show  that  the  pathological  protein  katabolism  cannot  be 
demonstrated  in  all  cases  of  cancer.  This  has  been  confirmed  by  the  work 
of  all  observers  who  have  investigated  this  problem  after  Miiller  (120  to 
127).  Although  few  of  them  have  been  as  careful  in  the  selection  of  their 
material  and  in  the  accuracy  of  their  methods,  they  have  nevertheless 
shown  that  cancer  may  be  associated  with  a  completely  normal  protein 
metabolism.  As  more  and  more  cases  were  investigated,  it  was  found 
that  the  number  of  cases  with  a  normal  protein  metabolism  exceeded 
those  with  an  increased  protein  katabolism.  In  fact,  cases  were  observed 
in  which  even  a  nitrogen  retention  occurred  [Schopp  (144),  von  Morac- 
zewski].  It  would  be  a  mistake,  however,  to  deny,  on  the  basis  of  these 
observations,  the  existence,  or  rather  the  occurrence,  of  an  abnormal 
disintegration  of  protoplasm  in  cancer.    Firstly,  the  retention  of  nitrogen 
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does  not  necessarily  indicate  a  positive  balance  of  protein.  Li  the  late 
stages  of  the  disease,  in  spite  of  an  increased  protein  katabolism,  a  retention 
of  nitrogen  is  not  at  all  rare,  as  MiiUer  has  akeady  pointed  oat,  simply 
because  the  excretory  organs  fail  to  perform  their  functions.  Secondly, 
we  should  expect  that,  in  the  course  of  a  chronic  disease  associated  with  the 
decomposition  of  the  protdns  of  the  body,  there  will  be  a  i)eriod  in  which 
the  disintegration  may  be  temporarily  arrested,  or  may  even  be  over- 
compensated  by  improved  nutritive  conditions.  Li  cases  of  inanition  due 
to  a  stenosis  by  malignant  new  growths,  such  improvements  are  well 
known  to  occur  when  the  tumour  obstructing  the  passage  has  been 
removed,  either  by  breaking  down  of  tissue  or  by  operation.  Cases  are 
not  rare  where  a  dilatation  of  the  cancerous  stricture  of  the  oesophagus  is 
followed  by  an  increase  in  weight  of  10  to  20  pounds  within  a  few  weeks. 

Lastly,  von  Noorden  has  pointed  out  that  under  certain  circumstances 
it  is  possible  to  mask  the  protoplasmic  disintegration  in  cancerous  patients. 
Por  the  increased  protein  metabolism  can  be  lowered,  just  as  in  fever,  by 
giving  a  diet  rich  in  carbohydrates.  Altogether,  the  cancerous  destruc- 
tion of  protein  resembles  the  febrile  protein  katabolism  in  many  respects. 
Li  both  conditions  the  fat  of  the  body  is  much  less  affected  than  the 
muscular  substance ;  if  the  fat  is  used  up,  inanition  is  usually  present  too. 
P.  Kraus  (128)  and  N.  Svenson  (129)  have  shown  that  in  cancer  the 
oxygen  consumption  reaches  the  higher  limit  of  the  normal  values,  and 
may  even  somewhat  exceed  the  normal  limit.  This  increase  in  the  oxida- 
tion is,  however,  not  in  proportion  to  the  extent  of  the  protein  katabolism. 
The  same  holds  good  in  the  case  of  fever.  In  the  following  paragraph 
we  shall  meet  with  various  disturbances  of  the  metabolism  which  are 
common  both  to  the  cachexia  of  cancer  and  to  fever. 

If  we  try  to  explain  the  pathological  disintegration  of  proteins  in 
cancer,  the  analogies  with  the  protein  katabolism  in  fever  suggest  an  inter- 
relation with  the  infectious  processes  appearing  so  frequently  in  cancer, 
which  take  their  origin  from  the  ulcerated  tumour  surface.  Such  a  view 
would  identify  the  protein  katabolism  of  cancer  with  that  of  fever. 
Indeed,  if  special  attention  is  paid  to  the  temperature,  careful  observation 
of  many  cases  of  cancer,  especially  those  of  cancer  of  the  internal  organs, 
reveals  a  rise  in  temperature  [in  about  40  per  cent.,  according  to  Preud- 
weiler  (130)].  As  this  factor  has  not  been  considered  in  most  of  the 
cases  which  have  been  used  for  observation  on  the  metaboUsm,  they  are 
open  to  serious  objections.  Only  MiiUer's  investigations  stand  this  test, 
as  they  have  been  made  exclusively  upon  patients  without  fever.  We 
must  therefore  maintain  that  the  protein  katabolism  of  cancer  may 
occur  independently  of  a  rise  in  temperature,  although  in  some  cases  it 
will  probably  be  accounted  for  by  the  fever. 

A  second  factor  which  may  lead  to  abnormal  losses  of  protein  may 
be  looked  for  in  the  dischcurge  of  disintegrated  tissue  from  the  surface  of 
ulcerated  and  putrefying  tumours.  Up  to  now  sufficient  importance  has 
not  been  attached  to  this  fact,  but  I  am  of  opinion  that  its  significance 
should  not  be  underrated.  H.  Salomon  (25)  observed  that  in  the  earliest 
stages  of  cancer  of  the  stomach,  when  the  tumour  was  not  yet  to  be  felt, 
the  washings  of  the  empty  stomach  contained  regularly  about  0-01  gramme 
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of  nitrogen,  which  waa  secteted  by  the  tumour.  How  much  greater 
must  the  daily  loss  of  nitrogen  be  from  large  ulcerating  tumour  surf aoee  ! 
In  all  cases  of  cancer,  where  the  metabolism  had  been  investigated,  even 
in  those  of  MiiUer's,  there  existed  tumours  of  the  stomach  which  were 
either  undoubtedly  ulcerated,  or  were,  at  any  rate,  so  large  that  they 
could  easily  be  felt  and  were,  therefore,  likely  to  possess  an  ulcerating 
surface.  In  any  case,  this  factor  will  always  have  to  be  considered 
before  the  assumption  of  a  new  and  far-reaching  hypothesis  can  be 
justified. 

The  theory  which  I  am  referring  to  is  the  doctrine  of  a  specific  toxo- 
genous  disintegration  of  proteins.  It  has  been  advanced  by  F.  Miiller, 
and  has  been  accepted  by  the  majority  of  later  writers  [Klempeter,  von 
Noorden,  and  others].  Objections  have  been  raised  by  some  authors 
[Braunstein  (124),  F.  Blumenthal  (131)],  who  argue  from  the  steadily- 
increasing  observations  of  a  normal  nitrogen  metabolism  in  cancerous 
patients.  If  it  is  further  mentioned  that  the  reliability  of  those  investiga- 
tions which  have  hitherto  been  accepted  as  fundamental  is  called  in 
question  by  the  fallacies  to  which  we  have  drawn  attention,  we  must 
hesitate  in  accepting  the  theory  without  further  evidence.  Miiller  him- 
self designates  his  view  '*  as  yet  hypothetical."  How  very  slowly  and 
almost  imperceptibly  does  the  emaciation  proceed  in  those  cases  where 
the  growth  is  not  in  connection  with  the  exterior,  where  ulcers,  fever,  and 
impairment  of  nutrition  are  absent  I  Take,  for  instance,  the  condition 
where  metastatic  new  growths  aref  ormed  after  the  removal  of  the  primary 
cancer  of  the  breast  or  of  the  testicle,  or  the  case  of  general  caroinomata 
arising  from  the  prostate.  And  how  long  can  patients  with  cancer  of  the 
CBsophagus  and  of  the  stomach  maintain  good  nutritive  conditions  if, 
under  exceptional  circumstances,  the  appetite  has  not  been  affected, 
and  no  obstruction  has  taken  place  !  But  even  such  patients  eventually 
fall  a  prey  to  emaciation,  and,  excepting  those  oases  where  special  cir- 
cumstances hasten  death,  a  cancerous  patient  rarely  dies  without  showing 
the  symptoms  af  cachexia.  Although  conclusive  evidence  for  the  pre- 
sence of  a  specific  toxic  agent  has  not  yet  been  adduced,  the  possibility 
of  its  existence  must  not  be  excluded.  Our  knowledge  of  this  subject 
does  not  exceed  our  information  on  the  aniemia  of  cancer,  and  we  wish 
to  emphasize  here  what  we  pointed  out  there — ^namely,  that  even  if  the 
existence  of  a  toxic  agent  should  have  been  established,  it  would  still 
have  to  be  proved  that  it  is  endogenous  in  origin,  being  formed  within 
the  tumour  tissue  itself.  It  may  just  as  well  have  i)enetrated  into  it 
from  without,  through  the  excoriated  epithelium. 


IV.— THE  INFLUENCE  OF  THE  GROWTH  OF  CANCER 
UPON  THE  URINE. 

In  the  course  of  the  development  of  cancer,  the  composition  of  the 
urine  undergoes  many  changes.  These  are  either  associated  with  dis- 
turbances of  the  metabolism  already  discussed,  or  they  depend  on  other 
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le68-known  anomalies.  None  of  these  causes  exercise  a  characteristio 
influence  either  on  the  amount,  or  on  the  specific  weight,  or  on  the  reaction 
of  the  urine. 


A.— THE  VARIOUS  KITROOENOUS  CONSTITUENTS. 

6.  Topfer  (133)  was  the  first  to  draw  attention  to  the  fact  that  in 
cancer  the  nitrogenous  end-products  of  protein  metabolism  do  not 
appear  in  the  urine  in  the  same  proportions  as  in  normal  individuals. 
While  in  the  normal  urine  the  distribution  of  nitrogen  was  found  to  be 
96  per  cent,  for  urea,  1-8  per  cent,  for  uric  acid,  1-2  per  cent,  for  NH^, 
and  0*6  to  0*8  per  cent,  for  extractives,  the  analjrses  in  cases  of  carcino- 
mata  of  different  sites  gave  for  urea  less  than  80  per  cent.,  for  uric  acid 
1  to  6  per  cent.,  for  NH,  0*2  to  13  per  cent.,  and  for  extractives  13  to  23 
per  cent,  of  nitrogen.  These  observations  have  been  tested  repeatedly 
by  later  observers,  and  have  partly  been  confirmed. 

1.  Uric  AelcL 

By  drawing  an  analogy  with  leuchsemia,  Horbaczewski  (134)  tried  to 
couple  the  relative  increase  of  the  uric  acid,  which  he,  too,  observed  in 
a  case  of  cancer  of  the  liver,  with  the  leucocytosis  of  cancer.  Cario  ( 1 35),  on 
the  other  hand,  found  an  increase  of  uric  acid  in  cancer  of  the  oesophagus, 
where,  as  a  rule,  leucocytosis  is  absent.  Brandenburg  and  Blumenthal 
(136),  who  determined  the  proportion  between  the  nitrogen  of  all  the 
alloxur  bodies  and  the  total  nitrogen,  obtained  in  the  majority  of  cases 
abnormally  high  values.  According  to  Blumenthal,  this  phenomenon  is 
not  specific  for  cancer,  as  it  occurs  also  in  other  forms  of  cachexia,  and 
disappears  in  cancer  when  the  protein  katabolism  is  temporarily  arrested. 
That  the  relative  increase  of  uric  acid,  which  never  attains  any  very  high 
values,  may  be  completely  missing  is  further  confirmed  by  the  careful 
analyses  of  G.  Setti  (139). 

2.  Ammonia. 

Positive  results  of  an  increased  NH,  excretion  have  been  obtained  by 
Topfer,  by  von  Noorden  (138),  and  by  von  limbeck  (140),  while  decreased 
outputs  have  been  recorded  by  Braunstein  (141)  and  by  Setti  (139).  To 
speak  of  it  as  a  regular  symptom  is,  therefore,  out  of  the  question.  If  it 
is  marked,  it  must  be  associated  with  the  advanced  stage  of  inanition,  or 
with  the  increase  in  the  protein  kataboUsm. 

3.  Extractives. 

The  relative  increase  of  the  nitrogen  of  the  extractives  seems  to  be 
the  most  regular  change.  In  any  case,  Setti  constantly  found  the  figures 
for  the  extractive  nitrogen  to  be  high  (higher  than  10  per  cent,  of  the 
total  nitrogen),  even  in  those  cases  where  the  values  for  uric  acid  and 
for  NH3  had  remained  normal.  According  to  Setti,  the  proportion  of 
the  extractive  nitrogen  to  the  total  nitrogen  increases  as  the  disease 
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advances.  This  change  acquires  a  special  significance  by  the  fact  that 
the  proportion  of  urea  nitrogen  to  the  total  nitrogen  decreases  pari  passu. 
The  causes  for  these  disturbances  are,  however,  still  unknown. 


B.— PERCENTAGE  OF  ASH. 

1.  HaCl. 

Most  investigators  who  analyzed  the  urine  of  cancer  patients  have 
been  struck  by  the  fact  that  the  percentage  of  chlorine  in  the  urine  is 
frequently  a  very  low  one,  especially  when  compared  with  the  total 
nitrogen  percentage  (1,  135,  138,  142,  143).  But  this  is  not  a  constant 
occurrence — in  fact,  a  temporarily  increased  excretion  of  NaCl  may  even 
take  place  (120,  139,  141,  144,  145).  Beneke  (146)  tried  to  explain  the 
low  Nad  excretion  by  the  cancerous  constitution  which,  he  alleged,  is  dis- 
tinguished by  a  lack  of  alkaline  chlorides,  a  view  which  it  is  unnecessary  to 
discuss  in  the  light  of  our  present  knowledge.  According  to  von  Noorden, 
it  is  due  simply  to  a  diminished  intake  of  NaCl.  "  The  higher  the  degree 
of  inanition  on  the  one  hand,  and  of  the  breaking  down  of  protoplasm  on 
the  other  hand,  the  greater  will  be  the  disproportion  between  the  per- 
centage of  nitrogen  and  chlorine  in  the  urine.  Such  a  condition  is  mo<it 
easily  established  in  cancer  of  the  stomach  and  of  the  oesophagus,  and 
it  is  just  in  such  cases  that  the  most  striking  differences  between  NaCl 
and  nitrogen  are  found ;  while  the  normal  proportions  can  be  maintained 
in  such  cases  of  cancer  where  the  pathological  protein  katabolism  is  not 
yet  progressing  too  rapidly,  and  where  a  large  intake  of  food  entails  the 
combustion  of  a  comparatively  large  proportion  of  food  protein  and  of  a 
comparatively  small  proportion  of  tissue  protein."  But  this  explanation, 
too,  is  not  valid  for  all  cases.  Laudenheimer's  observations  showed  that 
simultaneously  with  the  retention  of  NaCl  there  is  a  retention  of  water, 
so  that  chlorides  and  water  are  retained  in  almost  the  same  proportion  in 
which  they  occur  in  oedema  or  in  the  transudates  of  cancerous  patients. 
This  cireumstance  must,  therefore,  also  be  taken  into  account.  For 
those  cases  which  are  associated  with  ansemia,  Moraczewski  has  adduced 
evid^ice  showing  that  the  retention  of  NaQ  depends  to  a  certain  extent 
on  the  anflBmia  itself. 

2.  Phosphorle  Add. 

The  excretion  of  phosphoric  acid  in  cancer  differs  from  the  excretion 
of  chlorides  in  being  frequently,  although  by  no  means  regularly,  increased. 
This  fact  is  easily  explained  if  we  can  show  that  the  decomposition  of 
protein  is  also  at  the  same  time  increased.  In  most  cases  the  increase  in 
the  P,0(  excretion  was  actually  found  to  be  proportionate  to  the  nitrogen 
excretion.  But  observations  are  on  record  by  various  authors,  who 
found  the  ratio  P^Oj  :  N — ^which  for  normal  urine  has  the  value  1 :  7 — 
to  be  greater — e.g.,  1  :  3  to  1  :  5.  If  this  is  the  case  with  badly-nourished, 
starving,  or  cachectic  persons,  we  must  infer  that,  in  addition  to  the 
muscular  substance,  which  contains  P^Oj :  N  in  the  proportion  of 
1  : 7,  another  tissue,  richer  in  phosphorus,  is  undergoing  disintegration. 

52—2 
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This  might  be  either  glandular  tiaeae,  which  is  rich  in  nuclein,  or  osseous 
substance.  The  latter  view  seems  more  probable  in  the  light  of  Lewin's 
work,  to  which  we  shall  refer  presently. 

3.  Sulphurie  Add. 

Cario  made  determinations  of  the  sulphuric  acid  in  cases  of  cancer  of 
the  oesophagus,  and  found  that  its  excretion  runs  parallel  to  that  of  the 
nitrogen.  On  two  occasions  he  obtained  figures  which  were  dispro]x>r- 
tionately  high,  but  was  unable  to  give  an  explanation  of  this  pheno- 
menon. 

4.  The  Total  Mineral  Constituents. 

After  the  theoiy  of  demineralization  in  tuberculosis  had  been  put 
forward,  the  question  arose  whether  there  was,  in  the  cachexia  of  cancer, 
an  analogous  increase  in  the  excretion  of  mineral  salts  as  compared  with 
the  intake.  Lewin  investigated  this  question  in  eleven  cancerous  patients, 
and  came  to  the  conclusion  that  such  a  process  actually  takes  place, 
even  in  cases  with  a  positive  nitrogen  balance.  Demineralization,  how- 
ever, according  to  this  observer,  is  not  a  symptom  characteristic  of  cancer, 
but  rather  a  phenomenon  associated  with  the  most  diverse  forms  of 
cachexia,  occurring  wherever  there  is  a  disintegration  of  tissue  protein. 

C— HTDROBILIRUBIN. 

F.  Muller  (148),  as  a  result  of  his  investigations  on  jaundice,  states 
that  the  cachexia  of  cancer  is  generally  accompanied  by  an  increased 
excretion  of  urobilin.  He  bases  his  views  upon  the  quantitative  analjrses 
made  by  Gerhardt  (149),  who  observed  the  highest  values  in  cases  of 
cancer  of  the  liver.  Von  Noorden  (138)  likewise  found  that  in  cancer  of 
various  organs  the  percentage  of  urobilin  was  frequently  increased. 
Recently  Braunstein  (160)  has  repeated  these  investigations.  He  deter- 
mined the  amount  of  urobilin  in  the  urine  of  twenty-two  cancerous 
patients.  He  agrees  with  Gerhardt  that  exceptionally  large  quantities 
of  urobilin  are  found  in  the  urine  of  patients  suffering  from  cancer  of 
the  liver,  even  if  the  bile-ducts  are  not  obstructed.  For  the  rest,  he 
concludes  that  cancer  of  the  various  organs  does  not  give  rise  to  any 
marked  signs  of  urobilinuiia,  but  that  this  symptom  may  appear  very 
readily  when  fever  and  putrefaction  supervene.  We  have  here  another 
example  of  a  symptom  which  is  in  no  way  specific  for  cancer,  but  which 
is  evidently  a  secondary  effect,  dependent  upon  the  destruction  of  the 
blood  or  upon  the  impairment  of  the  function  of  the  liver. 

D.— PRODUCTS  OF  THE  PUTREFACTION  OF  PROTEIN. 

The  putrefactive  processes  in  the  organism,  especially  those  in  the 
digestive  tract,  can  be  measured  to  a  certain  extent  by  the  amount  of 
ether-sulphuric  acids,  phenol,  indican,  and  aromatic  oxy-acids  appearing 
in  the  urine.  The  question  how  far  such  an  estimate  is  correct  is  dealt 
with  in  detail  in  the  chapter  on  Intestinal  Diseases.    To  judge  from  the 
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excretion  of  these  substances,  the  putrefactive  processes  are  considerably 
increased  in  cancer,  especiaUy  in  cancer  of  the  digestive  tract.  A 
number  of  authors  (1, 161  to  169)  were  able  to  demonstrate  a  periodically 
increased  excretion  of  one  or  more  of  the  substances  mentioned  above. 
The  cause  of  this  phenomenon  was  looked  for  in  the  readily  putrefying 
secretions  of  the  ulcerating  tumour  surface.  This  view  is  supported  by 
the  fact  that  putrid  new  growths  of  the  mamma  and  of  the  uterus 
behave  in  this  respect  in  the  same  way  as  tumours  of  the  digestive  tract. 
Quite  recently  Lewin  (160)  has  protested  against  this  assumption.  He 
finds  that  cancerous  patients  with  a  negative  nitrogen  balance — ^in  other 
words,  with  cachexia — show  a  much  greater  excretion  of  aromatic  sub- 
stances in  the  urine  than  do  those  with  a  positive  nitrogen  balance,  and 
he  assimies  that  the  aromatic  bodies,  such  as  phenol,^  indol,  and  aromatic 
oxy-acids,  are  formed  pcuiJy  in  the  tissues  themselves,  resulting  as  a  con- 
sequence of  the  toxogenous  protein  kataboUsm  associated  with  the 
cachexia  of  cancer.  That  necessitates  the  assumption  that  these  sub- 
stances are  intermediate  products  of  the  metabolism.  He  bases  his  views 
on  the  work  of  various  observers,  which  is  supposed  to  have  proved  the 
possibility  of  a  direct  formation  of  these  substances.  This  question  is, 
however,  still  too  controversial  to  justify  a  practical  application  to  the 
conditions  obtaining  in  cancer,  and,  above  all,  the  existence  of  an 
increased  protein  katabolism  alone  is  not  sufficient  evidence  whereon 
to  establish  an  intermediate  formation  of  even  a  part  of  the  so-called 
putrefactive  products. 

E.— ACETONE,  DIACETIC  ACID,  AMD  jS-OXTBUTTRIC  ACID. 

Acetonuria  and  diaceturia  frequently  accompany  the  cachexia  of 
cancer.  The  excretion  of  these  substances  is  caused  by  the  increased 
protein  katabolism,  and  by  the  inanition  which  so  frequently  appears  in 
the  last  stages  of  cancer.  It  stands  in  no  relation  to  the  growth  of  the 
cancer  as  such,  because  it  is  absent  in  the  earliest  stages,  when  the  meta- 
bolism is  still  normal  [von  Jaksch  (161),  Klemperer  (162),  Thomas  (163)]. 

There  may  even  be  an  excretion  of  jS-oxybutyric  acid  in  the  urine 
[Klemperer],  especially  in  cases  exhibiting  the  rather  rare  group  of  symp- 
toms known  as  ''coma  carcinomatosum,"  which  resembles  in  every 
respect  the  diabetic  coma  (164).  In  the  coma  of  cancer  the  alkalinity  of 
the  blood  is  diminished,  as  it  is  in  the  coma  of  diabetes,  and  there  is  no 
doubt  that  in  cancer,  too,  the  cause  must  be  looked  for  in  acid  intoxica- 
tion. There  is  no  evidence  to  show  that  this  i)oisoning  by  acid  is  specific 
to  cancer,  as  has  l^n  supposed.  We  cannot  go  into  the  details  of  this 
question  here,  and  will  only  state  that  everything  tends  to  show  that  in 
cancer  it  is  produced  by  exactly  the  same  conditions  which  give  rise  to 
it  in  diabetes. 

P.— LACTIC  ACID. 

Von  Nooiden  (138)  found  lactic  acid  in  considerable  quantities  in  the 
urine  of  two  cancerous  patients,  but  no  significance  is  attached  by  him  to 
this  fact. 
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6.— PROTEIHS  AND  ALBUMOSES. 

According  to  P.  Miiller  (1),  albuminuria,  which  may  only  be  tempo- 
rary, appears  in  35  to  72  per  cent,  of  all  cases  of  cancer.  Albumoses  are 
found  in  the  urine  with  an  almost  equal  frequency — at  least,  in  cancer  of 
the  digestive  tract  [Ury  and  Lilienthal  (165)].  Maixner  (166)  believed 
that  the  albuminuria  was  due  to  the  direct  absorption  of  the  albumoses 
of  the  chyme  by  the  ulcerated  tumour  surface  (so-called  **  enterogenous 
peptonuria  "),  while  Pacanowski  (167)  brings  it  into  relation  with  the  dis- 
integration of  the  tissues  within  the  timiour  (histogenous  origin).  Most 
of  the  later  investigators,  especially  Ury  and  Lilienthal,  who  have  done  a 
great  deal  of  work  on  this  subject,  are  inclined  to  agree  with  Pacanowski's 
view.  This  explanation  appears  all  the  more  reasonable  in  view  of  the 
fact  that  Blumenthal  has  demonstrated  the  presence  of  albumoses  in 
broken-down  cancerous  tissue  (168). 

H.— PEPTONES  AND  AMINO-ACIDS. 

Wolff  (180)  was  unable  to  find  any  peptones  or  amino-acids  in  the 
urine  of  cancerous  patients. 

I.— TOXICITT  OP  THE  URINE. 

Meyer  (169)  determined  the  toxicity  of  the  urine  of  cancerous  patients 
by  Bouchard's  methods,  and  found  it  to  be  markedly  increased.  With 
the  onset  of  the  coma,  the  toxicity  suddenly  fell  to  an  unusually  low  value. 
Meyer  has  not  attempted  to  separate  the  toxines  in  question. 

A  review  of  the  facts  here  discussed  does  not  reveal  anything  specific 
for  the  metabolism  of  cancer.  A  close  inquiry  into  the  relative  increase 
in  the  NH,  and  in  the  extractive  nitrogen,  the  retention  of  NaCl,  the 
hydrobiUnuria,  the  increased  excretion  of  putrefactive  products,  etc., 
has  shown  that  none  of  these  phenomena  can  claim  to  be  a  characteristic 
feature  of  cancer.  The  same  may  be  said  of  the  albumosuria  and  of  the 
increased  toxicity  of  the  urine.  The  true  causes  of  these  anomalies  of 
the  metabolism  are  to  be  found  in  the  inanition,  the  febrile  secondary 
infections,  the  destruction  of  the  cancerous  tissue  and  its  putrefaction, 
and  occasionally  also  in  the  impairment  of  important  functions  of  organs 
such  as  the  liver.  In  the  next  section  we  shall  discuss  whether,  apart 
from  these  factors,  there  is  any  reason  to  assume  the  existence  of  a  specific 
cancer  ferment. 


v.— IS  THERE  A  SPEdPIC  AC3TI0N  OP  THE  CANCER  TISSUE 
ON  THE  METABOLISM  ? 

The  breaking  down  of  the  tissue  protein  in  cancer  has  always  been  looked 
upon  as  the  main  evidence  in  support  of  the  view  that  a  specific  cancer  toxine 
exists.    This  toxogenous  kataboUsm  of  protoplasm,  which  manifests  itself 
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clinically  as  emaciation  and  loss  of  strength,  can  be  demonstrated  in  many 
cancer  patients  by  examining  the  nitrogenous  metabolism.  But  a  critical 
survey  of  the  literature  has  shown  us  that  this  breaking  down  is  due  in 
most  cases  to  inanition,  or  to  febrile  secondary  infections,  or  to  a  putrid 
secretion  produced  by  the  tumour  surface.  The  few  remaining  observa- 
tions which  cannot  be  interpreted  in  this  way  have  not  established  in  a 
sufficiently  conclusive  manner  the  existence  of  a  toxine  responsible  for  the 
breaking  down  of  the  tissues.  If  we  now  turn  to  the  anaemia  of  cancer, 
the  other  main  factor  in  the  cachexia  of  cancer,  we  meet  with  a  similar 
case.  All  the  aiguments  in  favour  of  its  specific  nature  have  been  found 
to  be  invalid ;  and  although  h»molysins  have  been  demonstratidd  in  the 
blood  of  cancerous  patients  and  in  the  cancer  tissue,  the  proof  for  the 
existence  of  a  specific  toxine  of  the  blood  has  still  to  be  brought.  We 
have  seen,  further,  that  all  the  symptoms  on  the  part  of  the  digestive  organs, 
and  all  the  abnormalities  in  tiie  composition  of  the  urine,  can  be  com- 
pletely accounted  for  by  the  secondary  processes  accompanying  the 
development  of  cancer,  which  include,  in  addition  to  those  mentioned 
above  (inanition,  infection,  and  excretion  of  disintegrated  material), 
the  impairment  of  the  functions  of  important  organs  (stomach,  liver, 
pancreas,  bone-marrow,  etc.). 

We  can  readily  understand  Blumenthal  (170),  who  in  recent  years  has 
done  a  great  deal  of  work  on  the  cachexia  of  cancer,  when  he  says :  '*  A 
specific  toxine  of  cancer,  secreted  by  the  cancer  cells,  and  inducing  in  the 
metabolism  of  cancerous  patients  changes  leading  to  cachexia,  does  not 
exist.  AU  the  changes  in  the  metabolism  which  we  can  demonstrate  have 
been  called  forth,  on  the  one  hand,  by  a  diminished  intake  of  food ;  on 
the  other  hand,  by  secondary  diseases  of  organs  which  play  an  important 
part  in  metabolism  ;  and  lastly,  by  increased  bacterial  processes."  ^ 

Nevertheless,  it  must  be  admitted  that  these  explanations  are  some- 
what unsatisfactory.  There  are  examples  available  of  cancerous  cachexia 
without  any  inanition,  without  any  infection,  or  without  any  disintegra- 
tion of  the  cancerous  tissue.  In  fact,  every  patient  who  has  cancer  with- 
out complications,  even  those  who  for  some  time  fail  to  show  any  signs 
of  protein  katabolism,  become  cachectic  in  the  end.  Further,  if  the  cancer 
cells  do  not  secrete  a  toxine,  how  can  we  explain  the  atrophy  of  the  sur- 
rounding tissues,  which  proceeds  together  with  the  growth  of  the  tumour  1 
It  can  hardly  be  assumed  that  the  normal  tissue  is  destroyed  simply  by 
the  mechanical  pressure  of  the  proliferating  tumour  tissue.  We  know 
that  healthy  cells  offer  a  very  strong  resistance  to  mechanical  injuries. 
It  seems,  perhaps,  more  reasonable  to  assume  that  the  cancerous  tissue 

^  This  view  is  confirmed  by  the  work  of  Clowes,  Frisbie,  and  Glosaer  (186),  who 
failed  to  find  such  extensive  disturbances  of  the  metabolism  as  those  observed  by 
Muller  and  Moraczewski.  They  doubt  that  the  cachexia  of  cancer  Ib  produced  by 
toxines,  and  are  inclined  to  believe  that  the  greater  part  of  the  disturbances  of  the  meta- 
bolism are  due  to  an  insufficient  oxidation  of  the  nitrosenous  products  of  the  metabolism. 
Quite  recently  von  Hansemann  (187),  who  formerly  held  that  the  cachexia  of  cancer  was 
an  essential  feature  of  tiie  disease,  related  to  the  anaplasia  of  the  cells,  has  abandoned  his 
standpoint  in  view  of  the  pathological  and  experimental  evidence.  He  states  definitely 
that  cancer,  as  such,  does  not  produce  cachexia.  In  the  majority  of  cases  the  anamia 
and  emaciation  are  due  to  factors  accompanying  cancer."  It  is  interesting  to  note  that 
this  conclusion  was  arrived  at  by  Sir  Samuel  Wuks  forty  years  ago,  on  the  oasis  of  2,000 
autopsiee  in  Ouy's  Hospital  (188). 
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weakens  the  normal  cells  by  depriving  them  of  their  nourishment.  But 
then  we  should  find  a  jxMsitive  instead  of  a  negative  nitrogen  balance. 
No  matter  how  we  argue,  we  always  find  ourselves  x>ostulating  that  the 
cancer  cells  exert  a  chemical  influence  on  the  normal  tissue. 

There  is  one  fact  in  the  pathology  of  the  metabolism  of  cancer  which 
tends  to  support  such  a  view,  and  indicates  the  way  in  which  such  a 
chemical  influence  might  be  brought  about ;  that  is  the  observation  of 
Emerson  (24),  that  in  cases  of  gastric  cancer  the  tumour  tissue  contains  a 
ferment  cax)able  of  aiding  the  digestion  of  protein  both  in  artificial  diges- 
tive mixtures  and  in  the  gastric  contents.  Whether  this  ferment  is  a 
specific  cancer  ferment,  or  belongs  to  the  autolytic  ferments  common  to 
all  tissues,  remains  an  open  question.  Li  the  body  it  passes  into  the 
gastric  contents  from  the  ulcerated  or  excoriated  tumour  surface.  It  is, 
therefore,  not  a  secretion  ;  at  any  rate,  there  is  no  evidence  to  show  that 
it  diffuses  out  from  the  intact  surface  of  cancerous  tumours,  or  that  it  is 
absorbed  into  the  circulation.  It  exists  most  probably  already  in  the 
living  cells,  for  Emerson  used  fresh  cancerous  tissue  in  his  experiments 
in  vitro.  That  the  active  substance  was  a  ferment  was  proved  by  the  fact 
that  the  protein  substances  were  not  digested  if  the  cancerous  tissue  had 
been  boiled  previously. 

The  results  of  these  highly  interesting  experiments  direct  attention 
to  the  chemistry  of  the  cancerous  tissue.  Petry  (171)  was  the  first  to 
investigate  the  subject  more  closely.  He  found  the  tumour  tissue  to  be 
rich  in  nudeo-albumin — a  fact  which  he  ascribes  to  the  nuclei  being 
comparatively  numerous.  In  addition,  his  observations  show  a  remark- 
ably rapid  autolysis  of  the  tumour  tissue  in  vitro.  Even  at  room 
temperature  a  large  percentage  of  the  protein  substance  of  the  sterile 
tumour  tissue  was  transformed  in  a  very  short  time  into  non- 
coagulable  substances  which  had  already  passed  the  stage  of  albu- 
moses.  Normal  tissue  underwent  these  changes  much  later,  and  not 
to  the  same  extent.  Similar  observations  were  made  by  H.  Wolff  (172) 
and  by  Beebe  (173).  The  former  found  that,  as  compared  with  normal 
tissues,  the  cancerous  tumours  are  very  poor  in  globuUns,  but  rela- 
tively rich  in  albumins,  and  that  tiie  melanin  of  a  melanotic  sarcoma 
which  he  examined  was  not  identical  with  the  melanin  which  is  normally 
present  in  the  body  (the  melanin  in  the  eye),  but  that  it  is  a  peculiar 
substance  of  a  different  composition.  Beebe  observed  nucleohiston  to 
be  a  constituent  of  rapidly  growing  tumours  of  lymphatic  glands.  As 
yet,  the  number  of  such  investigations  is  very  small,  but  their  results  are 
sufficient  to  show  that  the  chemical  composition  of  the  cancerous  tissue 
may  sometimes  differ  from  that  of  normal  tissues.^ 

^  Beebe  (189)  made  careful  analyses  of  the  inorganio  elements  in  a  nomber  of  malignant 
new  growths.  In  degenerated  tumours  the  calcium  was  found  to  be  increased  in  amount ; 
these  tumours  showiMl  also  a  relative  deficiency  of  potassium  salts.  The  amount  of 
pentose  in  cancer,  to  which  Neuberg  had  drawn  attention,  was  investigated  by  Beebe 
and  Shaffer  (190).  They  found  it  to  be  higher  in  cancer  of  the  breast  than  in  normal 
mammary  tissue.  The  same  result  was  obtained  in  cases  of  scirrhous  cancer  of  the  breast, 
so  that  tois  phenomenon  cannot  be  due  to  the  cancerous  tissue  being  rich  in  nudei,  as 
Neuberg  su^moeed.  It  is  very  difficult,  as  Beebe  himself  recognises,  to  draw  general 
conclusions  nt>m  the  results  of  isolated  analyses  of  various  tumours,  growing  under 
different  conditions  and  having  reached  different  stages  of  their  development  when  they 
are  submitted  to  examination. 
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In  any  case,  the  marked  autolysis  of  cancerous  tissue  is  of  great 
importance,  and  the  most  recent  investigations  have  accordingly  been 
made  in  this  direction.  Neuberg  and  Milchner  (174)  observed  the  appear- 
ance of  pentose  in  the  tissue  of  metastatic  growths  from  the  liver  which 
had  undergone  autolysis ;  pentose  is  not  found  in  the  normal  liver  tissue. 
Neuberg  (176)  continued  these  investigations  later  by  working  out  the 
autolytic  products  of  the  primary  carcinoma  of  the  stomach  from  which 
these  metastatic  new  growths  had  arisen.  He  found  that  the  primary 
tumour  yielded  none,  or  at  any  rate  very  much  less  pentose  on  autolysis, 
although  on  hydrolysis  it  was  found  to  contain  a  considerable  amount 
of  pentose.  The  migration  of  the  tumour  cells  from  the  primary  site 
either  induces  a  variation  of  their  ferments,  or  they  acquire  new 
fermentative  properties.  Further,  if  the  juice  of  the  tumour  of  the 
Kver  is  allowed  to  act  on  the  proteins  of  the  lung,  an  extensive 
decomposition  of  the  lung  protein  is  brought  about.  The  cancer  ferment 
acts,  therefore,  not  only  autolytically,  but  also  "  heterolytically,"  to  use 
a  term  proposed  by  Jacoby  (176).  The  heterolytic  action  differs  in  kind 
and  in  d^rree  from  the  action  of  the  autolytic  ferments  of  the  normal 
liver.  With  slightly  different  experimental  conditions,  Blumenthal  and 
Wolff  (177)  arrived  at  the  same  conclusion — ^namely,  that  a  heterolytically 
acting  ferment  exists  in  the  cancerous  tissue.  When  they  autolyzed  two 
pieces  of  liver  tissue,  to  one  of  which  a  small  piece  of  a  cancer  of  the 
breast  had  been  added,  they  observed  that  the  autolysis  was  much  more 
rapid  in  the  tube  containing  the  tumour  tissue.  At  the  same  time,  these 
two  observers  found  that  the  cancer  tissue  sometimes  resists  the  action  of 
pepsin-hydrochloric  acid,  while  it  is  always  equally  affected  by  trypsin. 
Lastiy,  we  may  mention  here  Neuberg's  (178)  observations  on  the  action 
of  radium  on  the  cancer  tissue.  Under  the  influence  of  radium,  the  cancer 
tissue  became  more  quickly  disintegrated  than  any  other  tissue,  and  the 
fermentative  processes  were  affected  in  some  peculiar  manner.  These 
recent  results  of  cancer  research  are  not  yet  based  on  sufficientiy  numerous 
observations  to  allow  us  to  draw  far-reaching  conclusions  from  them, 
but  they  throw  light  on  many  hitherto  obscure  processes  in  the  x)athology 
of  cancer  metabolism.  It  is  now  beyond  all  doubt  that  the  fermentative 
action  of  gastric  cancer  on  the  prot^  substances  of  the  gastric  contents 
observed  by  Emerson  is  a  heterolytic  process.  It  follows  from  this  that 
not  only  does  the  cancerous  tissue,  after  being  removed  from  the  body, 
undergo  an  extraordinarily  rapid  disintegration  by  autoljnds,  but  its  auto- 
lytic ferment  is  capable  of  accelerating  the  autolysis  of  other  organs. 
Having  arrived  at  this  conclusion,  we  are  at  once  confronted  with  an 
abundance  of  new  problems,  of  which  only  the  most  obvious  ones  may  be 
mentioned  here.  Is  the  autolytic  ferment  akeady  present  in  the  Uving 
cells,  or  is  it  only  being  formed  at  the  death  of  the  cells  ?  In  the  living 
organism,  does  it  enter  into  the  circulation  from  the  cancer  tissue  ?  Does 
it  exercise  its  heterolytic  effect  also  on  the  living  tissues  1 

It  is  to  be  hoped  that  the  rapid  advances  in  cancer  research  will  soon 
solve  these  questions.  Until  then  it  would  be  futile  to  indulge  in  specula- 
tion. We  only  wish  to  emphasize  here  once  more  that  the  autolytic 
ferment  of  cancer,  the  exist^ce  of  which  has  been  demonstrated,  should 
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on  no  account  be  identified  at  present  with  the  hypothetical  toxine  of 
cancer.  Autolytic  ferments  are  present  also  in  normal  tissues,  and  they 
are  often  very  active  in  disease — e.g.,  in  pneumonia.  That  they  occur  in 
cancer  so  copiously,  and  at  a  very  early  stage,  is  due  to  the  fact  that 
the  cancerous  tissue  is  very  liable  to  degeneration  and  decay,  especi^y 
when  its  rapid  growth  has  resulted  in  a  defective  vascularity.  The 
existence  of  the  autolytic  ferment  certainly  helps  to  explain  many  features 
of  the  metabolism  of  cancer,  but  in  itself  it  does  not  account  for  the 
cachexia,  not  even  in  virtue  of  its  heterolytic  quality.  The  identity  of 
the  ferment  with  the  toxine  postulated  for  cancer  can  only  be  accepted  as 
established  when  it  has  been  shown  that  the  ferment  of  cancer  is  secreted 
by  the  living  cancer  cells,  enters  the  circulation,  and  by  its  heterolytic 
action  breaks  down  the  healthy  tissues. 


ADDENDUM. 

Some  Problems  of  the  Metabolism  of  Caneer  from  the  Standpoint 
of  Experimental  Cancer  Researeh. 

By  W.  Cramer,  Ph.D.D.Sc. 

The  recent  development  of  experimental  cancer  research  is  likely  to 
bring  many  of  the  controversial  problems  of  the  metabolism  of  cancer 
within  the  scope  of  methods  of  investigation  which  are  free  from  the  fal- 
lacies inherent  in  observations  on  clinical  cases.  The  first  step  in  that 
direction  was  made  by  Bashford  and  Cramer  (1)  with  the  material  of  the 
Imperial  Cancer  Research  Pund. 

Mice  in  which  Jensen's  tumour  had  been  successfuUy  transplanted 
were  killed  after  a  test  meal,  and  the  total  acidity  of  the  gastric  contents 
was  determined  in  a  series  of  ten  mice.  Control  estimations  were  made 
with  a  series  of  normal  mice  of  the  same  age,  which  had  been  kept  under 
the  same  conditions.  It  was  found  that  the  total  acidity  of  the  gastric 
contents  of  cancer  mice  was  not  only  not  less  than  that  of  normal  mice, 
but  even  slightly  higher. 

More  extensive  observations  on  the  same  material  were  made  by 
Copeman  and  Hake  (2).  Through  the  courtesy  of  Dr.  Copeman,  I  am 
enabled  to  give  a  summary  of  their  unpublished  results.  These  two 
observers  determined  the  physiologically  active  HCl  and  the  organic 
acids  in  the  watery  extracts  of  the  stomachs  and  stomach  contents  of 
over  600  mice,  both  cancerous  and  normal.  They  found  that  on  the 
average  there  is  a  decided  increase  of  physiologically  active  HCl  in  the 
stomach  wall  and  gastric  contents  of  cancer  mice  as  compared  with 
normal  mice,  the  increase  amounting  in  some  cases  to  as  much  as  60 
per  cent.  The  increase  was  as  marked  with  ulcerated  tumours  as  with 
non-ulcerated  tumours. 

In  order  to  fuUy  appreciate  the  significance  of  these  facts,  it  must  be 
remembered  that  in  mice  suffering  from  experimental  cancer  the  con- 
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ditdons  are  essentially  different  from  those  obtaining  in  man,  where  the 
changes  connected  with  the  primary  cancerous  transformation  of  a  few 
ceUs  are  combined  with  secondary  changes  accompanying  the  subsequent 
growth  of  those  cells.  Bashford  and  Murray  (3,  4)  were  the  first  to  point 
out  that  the  conditions  governing  the  origin  of  cancer  are  altogether 
different  from  those  governing  its  growth,  and  Ehrlich  and  Apolant  (6) 
have  subsequently  arrived  at  the  same  conclusion.  This  view  is  based 
mainly  on  two  facts :  tumours  arise,  as  a  rule,  in  old  animals,  while 
young  animals  provide  a  much  more  favourable  soil  for  their  subsequent 
growth.  Cancer  occurs  naturaUy  once  in  1,600  to  3,600  mice.  Neverthe- 
less, the  great  majority  of  the  animals  in  which  it  is  so  rare  naturaUy  can 
be  inoculated  successfully.  When  mice  are  made  to  suffer  from  experi- 
mental cancer,  the  cancer  cells  grow  in  and  act  upon  an  otherwise  normal 
organism.  The  investigations  of  Copeman  and  Hake  show  that  such  a 
symbiosis  leads  to  a  definite  chemical  change — ^namely,  an  increase  in 
the  chlorides  of  the  stomach  wall  and  stomach  contents  of  the  organism 
which  serves  as  a  host  for  the  cancer  cell.  Whether  this  phenomenon  is 
connected  in  any  way  with  the  decrease  of  HQ  observed  clinically  in  man 
remains  an  open  question. 

Clowes  and  Frisbie  (6)  have  made  careful  chemical  analyses  of  the 
mineral  salts  in  a  number  of  artificially  propagated  mouse  tumours. 
They  find  that  healthy,  rapidly-growing  tumoiurs  are  comparatively  rich 
in  potassium,  while  necrotic  tumours  show  a  relative  abundance  of 
calcium.  The  deposition  of  calcium  salts  in  dead  or  necrotic  tissues  is  a 
common  pathological  process,  and  these  observations  fail  to  reveal  any- 
thing specific  to  cancer. 

Unfortunately,  up  to  now  the  only  animal  found  to  be  suitable  for 
the  artificial  propagation  of  cancer  on  an  extensive  scale  has  been  the 
mouse,  so  that  metabolism  experiments  have  not  yet  been  possible. 
Nevertheless,  a  condition  comparable  with  the  cachexia  of  the  human 
subject  can  be  easily  recognised  in  some  of  the  animals  experi- 
mented upon.  Observations  on  3,000  cancer  mice  [Bashford,  Murray, 
and  Cramer  (7)]  have  shown  that  the  presence  of  a  tumour,  however  great, 
does  not  necessarily  lead  to  a  cachectic  condition.  On  the  contrary,  the 
animals  apx)ear  quite  healthy  and  active,  and  on  necropsy  are  found  to 
possess  an  abundance  of  fat.  When,  however,  the  integument  covering 
the  tumour  ruptures,  the  hsemorrhage  and  septic  infections  which  follow 
speedily  produce  marked  constitutional  effects.  The  same  condition  is 
produced  if  the  walls  of  the  alimentary  canal  become  the  site  of  growths 
after  a  successful  intraperitoneal  inoculation,  or  if  rapid  metastasis 
formation  takes  place,  involving  the  internal  organs,  such  as  the  liver. 
It  follows  from  this  that  the  cachexia  stands  in  no  essential  relation  to 
cancer,  of  which  it  is  only  an  occasional  accompaniment. 

The  experimental  propagation  of  cancer  has  thrown  light  on  another 
controversial  question  [Bashford,  Murray,  and  Cramer  (7,  8)].  Under 
experimental  conditions,  no  essential  difference  exists  between  the  benign 
or  expansive,  and  the  malignant  or  infiltrative,  forms  of  growth.  In 
considering  malignant  new  growths,  the  benign  tumours  must  not  be 
omitted.    A  tumour  which,  after  subcutaneous  transplantation,  grows 
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without  infiltrating  the  surrounding  tissues  may,  after  intraperitoneal 
transplantation,  exhibit  aU  the  typical  features  of  malignancy,  infiltrating 
the  organs  to  which  it  has  become  attached.  When  such  a  tumour  is 
transplanted  again  subcutaneously,  it  does  not  possess  greater  infiltrative 
power  than  others.  Therefore  the  appar^itly  enhanced  malignancy 
after  intraperitoneal  transplantation  does  not  indicate  an  alteration  in 
the  character  of  the  tumour.  If  the  more  destructive  effect  of  infiltrating 
growth  were  due  to  a  digestive  action  of  a  ferment,  it  is  difficult  to  under- 
stand why  the  same  mode  of  growth  should  be  less  marked  after  sub- 
cutaneous transplantation.  Besides,  microscopical  examination  of  in- 
filtrating tumours,  sporadic  and  transplanted,  fails  to  give  any  evidence 
of  a  digestive  action,  and  points  rather  to  the  importance  of  mechanical 
hindrances  to  growth.  The  malignancy  of  a  tumour  is  merely  a  mani- 
festation of  its  power  of  growth  under  given  anatomical  conditions.  As 
it  can  be  varied  experimentally  in  one  and  the  same  tumour  by  allowing 
it  to  grow  in  different  sites,  the  malignancy  cannot  be  solely  dependent 
upon  characters  inherent  in  the  tumour  cells. 

The  results  of  experimental  cancer  research  bearing  on  metabolism 
may  be  summed  up,  according  to  Bashford,  Murray,  and  Cramer,  as 
showing  definitely  tiiat  all  the  attributes  of  cancer  are  but  the  conse- 
quences of  its  growth,  which  is  its  only  constant  property.  Growth, 
again,  is  dependent  upon  the  assimilation  of  food,  and  EhrUch  (9,  10) 
has  gone  so  far  as  to  postulate  an  increased  avidity  for  food-stufib  on  the 
part  of  the  "'  receptors  "  of  cancerous  cells  as  compared  with  normal  cells. 
The  increasing  frequency  of  cancer  as  age  advances — ^which,  as  Bashford 
(11)  has  shown,  is  a  constant  feature  of  the  disease  in  all  the  vertebrates, 
whether  life  be  short  or  long — ^is  explained  by  Ehrlich  as  due  to  a  diminu- 
tion in  the  vital  function  of  the  organism  as  a  whole.  The  experimental 
investigation  of  cancer  has  not  produced  any  evidence  in  favour  of  the 
existence  of  a  specific  cancer  toxine.  But  it  has  shown  that  cancer  affects 
the  organisms  in  which  it  grows  by  virtue  of  the  increased  nutritive  capa- 
city of  the  cancer  cells. 
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CHAPTER  Vn 
PATHOLOGY  OF  MBTABOLISH  IN  THE  CEILD 

By  ADALBERT  CZERNY  and  FRANZ  STEINITZ. 
TaANSLATBD  BT  J.   M.  F0BT88OUB  -  Bbiokdalb,   M.A.,  M.D. 

This  section  does  not  pretend  to  give  a  complete  account  of  metabolism 
in  so  far  as  it  applies  to  children.  A  few  questions  will  be  discussed  in 
which  fundamental  differences  exist  between  the  metabolism  of  the 
adult  and  the  child — differences  which  have  caused  the  nutrition  and 
metabolism  of  the  child  to  be  regarded  to-day  as  a  special  subject.  The 
reason  for  this  is  twofold. 

In  the  first  place,  during  the  early  days  of  life  the  child's  digestive 
tract  is  but  poorly  protected  against  outside  influences.  It  reacts  to 
nutritional  lesions  in  quite  a  characteristic  manner ;  its  metabolism  is 
profoundly  altered  by  disturbances  which  at  a  later  age  play  no  part 
at  all,  or  but  a  slight  one,  so  that  a  large  area  is  covered  by  metabolic 
and  nutritional  diseases  in  infantile  x)athology. 

It  cannot  be  definitely  said  to  what  age  this  special  infantile  condition 
—characterized  by  the  facility  with  which  nutritional  disturbances  arise— 
may  extend. 

We  often  speak  of  ''  infant  metabolism,"  but  the  denotation  of  the 
word  "infant"  is  no  more  definite.  Whereas  some  authors — e.g., 
Camerer  (1) — ^include  under  infancy  the  time  from  birth  to  the  eruption 
of  the  first  tooth,  others  term  the  period  of  infancy  as  that  in  which 
only  fluid  food  is  consumed,  and  others,  again,  limit  infancy  to  the  first 
year  of  life.  None  of  these  limits,  however,  properly  includes  the  time 
in  which  the  organism  of  the  child  is  characterized  by  unstable  metabolic 
processes.  This  period  undoubtedly  includes  also  the  second  year ;  but 
the  development  of  the  natural  mechanism  for  the  protection  of  the 
digestive  apparatus  is  not  completed  even  within  this  period,  and  first 
attains  its  maturity  in  the  following  year  of  childhood. 

The  second  circumstance  which  underlies  the  special  position  assigned 
to  infantile  nutrition  and  metabolism  is  that,  in  the  case  of  the  adult, 
nourishment  only  serves  to  replace  the  body  tissues  which  have  been 
used  up  in  the  maintenance  of  temperature  and  the  performance  of 
muscular  and  glandular  work.  The  child  requires  material  to  provide 
for  body  growth,  and  also  for  the  storing  of  potential  energy.  This 
very  fimdamental  difference  is  physiological.  Among  sick  children 
oases  occur  in  which,  for  the  time  being,  we  only  aim  at  avoiding 
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I068  of  body  substance.  On  the  other  hand,  in  adults  (for  instance,  in 
consumptive  diseases)  nourishment  is  required  not  only  to  maintain 
the  balance  of  metabolism,  but  also  to  assure  a  return  of  the  body  to  its 
normal  weight. 


I.— THE  CHEMICAL  COMPOSITION  OP  THE  CHILD'S 

TISSUES. 

In  order  to  determine  how  far  the  chemical  composition  of  the  child's 
body  is  altered  by  abnormal  metabolism,  it  is  necessary  to  first  consider 
the  chemical  composition  of  the  newly-born.  A  comparison  of  these 
figures  with  those  obtained  from  analysis  of  the  bodies  of  sick  children 
will  afford  some  insight  into  those  metabolic  disturbances  the  final  effect 
of  which  is  manifested  by  alterations  in  the  chemical  composition  of  the 
body. 

The  number  of  chemical  researches  made  upon  the  tissues  of  children 
has  not  hitherto  been  large.  Of  course,  only  those  of  newly-born  infants 
are  of  any  phjrsiological  value  ;  for  obvious  reasons  there  are  no  researches 
on  healthy  older  children. 

In  reviewing  the  literature  already  collected  by  Czemy  and  Kdler  (2), 
which  includes  researches  by  Giacosa,  Michel  and  Hugounenq  and 
ComeUa  de  Lange,  we  shall  content  ourselves  with  quoting  only  the  very 
exact  figures  of  Camerer  and  Soldner  (3),  which  refer  to  six  newly-born 
children.  The  children  weighed  2,616  to  3,348  grammes  (5-7  to 
7*6  pounds),  and  only  differed  slightly  from  one  another.  Average 
figures  only  are  quoted. 


Total    body    in 


100  srammes  of 
freui  substanoe 


I 


2,821 


^ 


2.026 
71-8 


I 


795  I    348 
28*2  I  12-3 


76 
2-7 


330 
11-7 


fiq 


1-6 


449*6 
16-9 


67-16 
2-38 


66-8 
1*98  I 


100  grammes  ash  contained :  7*06  K^O,  7-67  Na,0,  38-08  GaO,  1-43  MgO,  0*83  Fe^O,, 
37*66  P,0,>  6-61  a,  0*11  A],0|, 003  Mn,04.  202  SQ,,  0-06  SiOft*  0-53  00.. 

The  figures  of  Camerer  and  Soldner  not  only  show  little  variation  in 
themselves,  but  are  sufficiently  in  agreement  with  those  previously 
published  by  Hugounenq,  De  Lange,  Giacosa,  and  Michel. 

The  figures  relating  to  the  chemical  comjXMsition  of  sick  children  who 
have  died  of  digestive  disturbances  are  much  less  numerous.  The  entire 
collection  of  facts  relating  to  this  subject  includes  only  a  very  few 
investigations.  With  the  exception  of  OhlmuUer's  (4)  old  experiments, 
which  relate  to  the  amount  of  water  in  the  bodies  of  children  suffering 
from  gastro-intestinal  disease,  only  two  investigations  can  properly  be 
considered  relevant. 
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Sommerfeld  (5)  investigated  the  water,  fat,  nitrogen,  and  total  ash 
content  in  two  children.  One  of  these  was  four  weeks  old,  and  marasmic  ; 
the  other  was  well  nourished,  the  cause  of  death  being  enteritLs  and 
furunoulosis.  The  other  series  of  investigations  were  carried  out  at  the 
Breslau  oUnic  upon  children  aged  thirteen  days,  three,  two  and  a  half, 
and  three  and  three-quarter  months  respectively  (6). 

WlIOHTS  Df  GrAMMSS. 
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Weight, 

^<^-  L«*SL.. 

(Ether 
Ex^raU), 

.  ,       1  NUro- 
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When  we  examine  these  figures,  it  becomes  very  clear  that  the  factor 
of  predominating  import  in  the  relative  composition  of  the  infant's 
tissues — ^that  is  to  say,  the  proportion  of  fat — ^varies  between  wide  limits. 
In  the  newly-born  it  amounts  to  12-3  per  cent. ;  in  Sommerfeld's  Case  II. 
to  13-11  per  cent.  On  the  other  hand,  in  the  three  marasmic  children  it 
only  reached  1*45  to  1-99  per  cent.  It  is  clear  that  the  value  of  the  other 
factors  would  be  considerably  modified  if  the  fat  were  eliminated  from  the 
calculation. 

In  this  case  the  following  figures  appear,  which  are  purposely  compared 
with  those  of  Camerer  and  Soldner  : 

PBBonrrAOM  nr  Frmh  Substaitob  frbsd  vrom  Fat. 
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Camerer  and  Sdldner  .. 
Sommerfeld  ((}ase  11.) 
Steinitz  (Case  U.) 

„      (CaaelU.)      .. 

„      (Case  IV.) 

81-9                 18-1 
81-0                19-0 
81-1                 18-9 
83-8                 16-2 
81-5                 18-5 
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In  all  the  cases  hitherto  investigated  the  gross  chemical  composition 
of  the  children  suffering  from  gastro-intestinal  disorders  remained  the 
same  as  that  determined  by  Camerer  and  Soldner  in  new-bom  infants, 
with  the  exception  of  the  proportion  of  fat,  which  is  Uable  to  great 
variation. 

As  we  know  that  the  composition  of  healthy  new-bom  infants  is  not 
identical  with  that  of  the  grown  man,  the  latter  being  poorer  in  water 
and  richer  in  ash,  the  analytical  results  from  new-bom  children  must  not 
be  compared  with  those  from  sick  children  of  two  to  four  months  of  age 
without  further  remark.  But  the  general  variation  in  composition 
occurs  so  slowly  in  the  course  of  many  years  that  it  is  certain  that  no 
error,  or  only  a  slight  one,  will  be  incunred  by  assuming  with  Camerer 
that  at  the  age  of  five  months  the  composition  of  the  child's  hody  is  not 
very  different  from  that  of  the  newly-born. 

Under  this  supposition  the  relative  composition  of  the  body  cannot 
be  influenced  by  digestive  disturbances,  but  remains  constant.  With 
the  exception  of  fat,  it  does  not  therefore  seem  possible  to  rob  the 
organism  of  any  of  its  functionally  important  constituents.  If  a  loss 
occurs  of  any  organic  or  mineral  constituent,  we  must  suppose,  which  is 
improbable,  that  the  body,  poorer  in  this  constituent,  increases  as  regards 
the  remainder  in  correspondingly  altered  proportions ;  otherwise  we  must 
assume  that  it  suffers  loss  merely  through  a  disappearance  of  tissues  in 
proportionate  ratios,  seeing  that  its  composition  remains  unchanged. 

This  theory,  which  has  much  to  support  it,  may  throw  some  light 
on  the  origin  of  the  atrophy,  which  is  alimentary  in  origin.  For  it  makes 
it  conceivable  that  a  defect  in  nourishment — e.g.,  deficiency  of  chlorides 
in  an  entirely  cereal  diet,  or  a  reduced  alkali  excretion  in  a  diet  over-rich 
in  fat,  checks  the  subsequent  growth  of  the  body,  or  brings  about  a  loss 
of  weight.  It  must,  however,  be  borne  in  mind  that  we  are  only  consider- 
ing the  analysis  of  the  child's  body  as  a  whole.  It  is  quite  possible  that 
a  removal  of  the  soluble  organic  compounds,  or  of  the  mineral  components 
of  the  organs  more  important  to  life,  may  occur  and  escape  detection 
owing  to  compensatory  change  in  the  less  important  organs.  In  this 
case  the  organs  important  to  life  might  have  a  different  composition  in 
sick  children  and  in  the  newly-born  without  its  appearing  in  the  analysis 
of  the  whole  body.  A  decision  can  only  be  arrived  at  by  separate  analyses 
of  single  organs  in  children  with  gastro-intestinal  diseases  and  in  the 
newly-born,  as  was  originally  made  in  the  first  place  by  Ohlmuller  as 
regards  the  water  and  fat,  and  later  by  Sommerfeld  as  regards 
muscle. 

Recently  a  series  of  researches  has  been  added  to  the  figures  quoted 
above,  concerning  the  chemical  composition  of  a  child  which  succumbed 
to  an  exclusively  cereal  diet  at  the  age  of  four  months  [Steinitz  and 
Weigert  (69)].  The  data  of  present  interest,  which  we  may  compare  with 
the  previously  quoted  Case  IV.  of  Steinitz,  are  as  shown  on  the  following 
page. 

These  differ  from  all  figures  previously  quoted ;  the  proportion  of 
water  and  the  content  of  alkali  and  chlorine  in  the  child  fed  on  cereals 
are  notably  diminished. 
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But  in  the  case  of  this  child  we  have  to  do  with  circumstances  utterly 
different  from  the  chronic  nutritional  disturbances  to  which  the  other 
children  succumbed,  so  that  the  values  found  for  its  chemical  composition 
do  not  negative  the  theory  advanced  as  to  the  constancy  of  the  chemical 
composition  of  infants.  The  cereally  fed  child  suffered  from  acute 
diarrhoea,  which  in  the  last  days  of  its  life  had  produced  a  reduction  of 
nearly  a  quarter  of  its  total  body-weight.  There  is  therefore  no  doubt 
that  this  loss  of  body-weight  was  in  great  part  made  up  of  water  and 
alkalies.  The  analysis  has  in  consequence  given  results  which  differ 
from  those  of  the  other  children,  because  death  occurred  so  rapidly  that 
no  equalization  of  the  composition  of  the  body  was  possible,  such  as  would 
doubtless  have  taken  place  in  a  short  time  longer. 


n.— PROCESSES  IN  THE  GASTRO-INTESTINAL  CANAL. 

A.— GENERAL  REMARKS  OK  FOOD. 

Since  the  function  of  the  alimentary  tract  in  the  young  child  differs 
quantitatively  from  that  of  the  adult,  it  is  clear  that  a  child's  food  must 
be  of  a  different  quality  from  that  of  an  adult.  The  fact  that  the  child 
is  practically  always  bom  without  teeth,  and  that  six  to  ten  months 
elapse  before  the  eruption  of  the  first  tooth,  makes  a  fluid  diet  a  necessity. 
This  consists  of  the  mother's  milk,  the  mOk  of  various  animals  (cow, 
goat,  and  ass),  and  also  vegetable  decoctions  in  more  or  less  complicated 
form. 

The  use  of  human  milk  is  limited  to  infants.  The  only  experiment 
designed  to  establish  its  value  for  adults  (7),  which  was  not  altogether 
planned  on  satisfactory  lines,  seems,  indeed,  to  show  that  it  is  not  nearly 
so  weU  digested  and  absorbed  by  adults  as  by  infants.    The  milk  of 
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animals,  more  especially  cow's  milk,  plays  a  very  important  part  in  the 
nourishment  of  adults  also.  Temporarily,  it  may  even  form  the  sole 
article  of  diet,  but  its  use  is  restricted  within  somewhat  narrow  limits,  as 
it  does  not  contain  sufficient  quantities  of  certain  cell  substances  necessary 
to  adult  life.  Thus  its  iron  content  (as  also  with  human  milk)  is  so 
small  that  the  necessary  amount  of  iron  for  the  organism  cannot  be 
supplied  by  it  alone,  and  we  must  assume  that  a  store  of  iron  is  present 
in  the  newly-born.  Such  a  store  has  been  proved  by  Bunge  (8)  for  certain 
rapidly-growing  animals ;  it  appears  also  to  be  present  in  infants — at 
least,  Philippson  (9)  has  found  a  higher  content  of  organic  iron  in  the 
isolated  liver  cells  of  the  newly-born  than  in  those  of  children  at  the 
end  of  the  fibrst  year.  But  since  this  store  of  iron  is  used  up  in  the  course 
of  the  first  month  of  life,  the  exclusively  milk  diet  should  be  discontinued 
at  any  rate  soon  after  the  eruption  of  the  teeth,  or  supplemented  by  a 
mixed  diet,  and  especially  by  v^etables  rich  in  iron. 


B.— SECRETION  OF  SALIVA. 

Since  the  child  under  normal  conditions  takes  during  the  first  months 
a  fluid  diet  which  neither  needs  insalivation  nor  contains  starch,  we  may 
expect  a  priori  that  the  secretion  of  saliva  in  the  newly-born  should  be 
either  not  present  or  only  incompletely  developed. 

The  earlier  authors  who  investigated  this  question  (10)  showed  that 
the  secretion  of  saliva  during  the  first  days  of  life  was  but  slight,  and 
that  the  collected  saliva  contained  no  diastatic  ferment.  This  assumption 
was,  however,  refuted  by  later  observers.  SchiflFer  (11),  Korowin  (12), 
Zweifel  (13),  Schlossmann  (14),  and  Schilling  (15)  always  found  ptyalin 
in  the  saliva  of  infants,  whether  sick  or  healthy,  whether  newly-born  or 
a  few  weeks  old. 

As  regards  the  place  of  origin  of  the  sugar-producing  ferment,  Zweifel, 
by  examining  the  watery  extracts  of  the  glands,  found  that  only  the 
parotid,  and  not  the  submaxillary  gland,  produced  ptyalin  in  the  newly- 
born.  Schilling  found  the  ferment  also  in  the  secretion  of  the  sub- 
maxillary gland. 


C— PROCESSES  IN  THE  STOMACH. 

L  Hydroehlorie  Add  and  Pepsin. 

Epstein's  method  has  facilitated  the  investigations  of  the  secretory 
functions  of  the  stomach  of  the  child.  The  greater  number  of  observers 
do  not,  however,  sufficiently  distinguish  between  healthy  and  sick  children. 
This  drawback  is  not  an  important  one ;  the  difference  in  the  secretory 
function  of  the  healthy  and  sick  stomach  is  one  of  degree,  and  not  of  kind. 

That  HCl  constitutes  one  of  the  normal  products  of  the  secretion  of 
the  stomach  is  established  beyond  all  doubt.  On  the  other  hand,  the 
question  propounded  by  many  authors  as  to  whether  lactic  acid  is  a  con- 
stituent of  normal  gastric  juice  in  infants  is  not  yet  solved.    De  Jager  (17) 
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and  the  two  Labb^  (18)  assert  that  the  acidity  of  the  gastric  juice  in 
infants  depends  upon  organic  acids,  especially  lactic  acid.  Sotow  (19) 
denies  its  presence  in  healthy  breast-fed  children.  Escherich  (20)  and 
Troitzky  (21)  consider  it  a  normal  product.  Moncorvo  (22),  Bauer,  and 
E.  Deutsch  (23)  describe  the  production  of  lactic  acid  as  a  normal  pheno- 
menon at  the  beginning  of  gastric  digestion.  On  the  other  hand,  Cassel 
(24)  and  Thiercelin  (26)  regard  the  appearance  of  lactic  acid  as  a  patho- 
logical symptom.  All  these  authors  have  been  content  with  Uff  elmann's 
reagent  or  a  titration  of  the  ethereal  extract.  A  recent  investigation 
is  reported  by  Sedgwick  (186).  He  has  found  in  the  stomach  contents 
of  both  healthy  and  sick  infants  a  ferment  (lipase)  which  decomposes  the 
milk-fats  in  food  into  free,  higher  fatty  acids.  The  action  of  this  ferment 
explains  the  relatively  high  acidity  in  the  infant's  stomach. 

Hydrochloric  acid  was  isolated  by  Wohlmann  (26)  from  the  gastric 
contents  of  healthy  children  inunediately  after  a  meal,  but  it  was  first 
recognised  as  free  acid  a  quarter  to  two  hours  later,  as  it  was  concealed 
by  combination  with  the  albumin  and  the  alkaline  salts  of  milk.  Other 
workers  confirmed  this  (23,  27,  28,  29).  The  amount  of  free  acid  then 
increases,  and  reaches  its  maximum  in  about  two  and  a  half  hours.  In 
artificially  fed  children  the  period  which  elapses  before  the  appearance  of 
free  acid  is  longer,  as  cow's  milk  and  its  compounds  generally  contain 
more  bodies  which  combine  with  the  acid. 

The  view  of  certain  authors  [Thiercelin  (25),  Qopatt  (30),  Einhom  (31)] 
that  free  HCI  does  not  exist  under  normal  conditions  in  the  infant's 
stomach  is  due  to  the  fact  that  they  investigated  sick  children  only. 
It  is  certain  that  the  secretion  of  HCI,  which  normally  is  smaller  than  in 
adults,  is  often  entirely  suppressed  by  even  slight  disturbances  of  digestion. 

Wohlmann  (26)  found  in  the  case  of  premature  and  dyspeptic  breast- 
fed children  a  gradual  rise  in  the  acidity  of  the  gaatno  juice,  a  lower  pro- 
portion of  acid,  and  a  delay  in  the  appearance  of  free  HQ. 

Heubner  (32),  who  examined  the  filtered  gastric  juice,  found  free  HCI 
twelve  times  in  forty-six  sick  infants.  In  the  remainder  he  showed  that 
the  proportion  of  combined  HCI  corresponded  to  the  period  of  digestion. 

Bauer  and  Deutsch  (23)  found  the  combined  acid  reduced  in  children 
suffering  from  gastro-intestinal  disease  ;  von  Hecker  (33)  and  Cohn  (29) 
failed  to  find  free  acid. 

Cassel  (24)  and  Wolf  and  Friedjung  (34)  found  free  HQ  in  only  a  part 
of  the  cases  investigated.  They  are  not  inclined  to  ascribe  a  patho- 
logical significance  to  changes  in  the  chemical  functions  of  the  stomach. 

Finally,  in  this  connection  Meyer  (35)  takes  an  extreme  standpoint. 
He  observed  in  certain  cases  of  cholera  infantum  a  diminution  or  absence 
of  acidity,  but  thought  that  the  secretion  of  gastric  juice  was  not  infiuenced 
by  nutritional  disturbances,  and  held  that  the  investigation  of  the 
chemical  functions  of  the  stomach  was  of  quite  secondary  importance. 

Cohn  (29),  after  investigating  a  great  number  of  infants  with  gastro- 
intestinal diseases,  could  not  prove  the  existence  of  hyperchlorhydria.  On 
the  other  hand,  certain  records  indicate  that  hyperchlorhydria  is  not 
improbably  present  in  a  lesion  fairly  often  described — ^namely,  con- 
genital hypertrophic  stenosis  of  the  pylorus. 
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A  case  described  by  Leo  (28)  is,  strictly  speaking,  not  applicable  here, 
as  hyperchlorhydria  was  not  proved,  but  only  inferred  from  a  positive 
result  with  Giinzburg's  test  and  a  very  high  total  acidity.  The  same 
objection  applies  to  the  eight  cases  published  by  Oddo  and  De  Luna  (36). 

Knopfelmacher  (37)  reported  a  case  of  definitely  determined  hyper- 
chlorhydria (titration  with  dimethylamidoazobenzol  as  indicator, 
Toepfer's  method).  Knopfelmacher  considered  that  the  hyperchlor- 
hydria was  primary,  and  the  stenosis  of  the  pylorus  secondary  to  the 
irritation.  Meyer  (35)  and  Freund  have,  moreover,  published  similar 
cases,  but  fail  to  give  quantitative  estimations  of  the  HQ. 

The  well-known  property  which  milk  possesses  of  entering  into 
chemical  composition  with  HGl  has  a  special  significance  in  the  physiology 
and  pathology  of  gastric  digestion.  This  property  of  milk  was  first 
described  by  Leo  (28).  Escherioh  (39),  when  investigating  the  essential 
differences  between  human  milk  and  cow's  milk,  found  that  60  c.c.  of 
human  milk  combined  with  8  to  9  c.c,  and  60  c.c.  of  cow's  milk  com- 
bined with  15  to  16  c.c.  of  one-fourth  normal  acid  solution.  Miiller  (40) 
confirmed  this  observation,  and  widened  its  scope  by  establishing  the  fact 
that  42  per  cent,  of  milk-salts  and  58  per  cent,  of  albumin  were  necessary 
for  combination  with  the  HCl.  The  property  of  milk  of  combining  with 
HCl  plays  a  double  part  in  pathology.  In  the  first  place,  it  infiuences 
the  bactericidal  power  of  the  HCl.  Hamburger  has  shown  that  the 
combined  HCl  has  practically  no  antiseptic  power  (41).  On  the  other 
hand,  free  HCl,  in  the  concentration  met  with  in  the  stomach — ^while  not 
actually  bactericidal — ^has  at  least  an  inhibitory  action  on  the  growth  of 
organisms. 

Hamburger's  test-tube  experiments  are  confirmed  by  Langer- 
mann's  (42)  observation  on  the  infiuence  of  HCl  on  the  flora  of  the 
infantile  stomach.  Li  Langermann's  cases  the  number  of  organisms 
was  not  dependent  on  the  number  of  organisms  in  the  food,  but  on  the 
amount  of  free  HCl  in  the  stomach  contents.  When  volatile  fatty  acids 
were  employed  the  bacterial  content  was  high,  free  HCl  being  absent. 
The  artificial  addition  of  HQ,  however,  acted  as  an  antiseptic. 

As  the  power  of  human  milk  for  combining  with  HCl  is  less  than 
that  of  undiluted  cow's  milk,  so  the  antiseptic  power  of  the  stomach 
contents  of  the  naturally  fed  child  is  greater  than  that  of  the  artificially 
fed.  Moreover,  the  system  of  three  to  four  hourly  pauses  between  meals, 
especially  advocated  by  Czemy  (43),  is  supported  by  this  fact.  For  since, 
in  the  case  of  healthy,  naturally-fed  children,  free  HCl  appears  in  the 
gastric  contents  at  the  earliest  in  one  and  a  quarter  hours,  and  in  the 
case  of  artificially-fed  children  first  in  two  hours,  a  thorough  disinfection 
cannot  be  attained  without  allowing  a  considerable  interval.  If  this  is 
not  inserted  between  two  meals,  the  stomach  has  no  time  to  disinfect  its 
contents,  and  the  way  is  thrown  open  to  all  possible  bacterial  invasions. 
Besides,  Czemy  and  Wachsmuth  (44)  have  also  drawn  attention  to  this 
defect,  and  have  attempted  to  explain  by  its  means  the  higher  mortality 
ofjartificially  fed  children. 

^'.j  The  high  combining  power  of  cow's  milk  with  HCl  must,  on  the 
contrary,  exert  a  good  influence  in  the  cases  to  which  allusion  has  been 
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made  above  of  probable  hyperchlorhydria,  for  here  a  desirable  combina- 
tion occurs  with  the  HCl  which  has  been  either  primarily  or  secondarily 
secreted  in  excess.  These  are  the  very  few  cases  in  which  feeding  with 
undiluted  cow's  milk  is  to  be  preferred  to  natural  feeding.  In  this  con* 
nection  the  case  of  Knopfelmacher  (37)  may  be  referred  to.  A  similar 
case  of  Freund's  (38),  in  which  a  congenital  stenosis  of  the  pylorus  was 
permanently  cured  by  the  administration  of  undiluted  curdled  milk,  may 
also  be  cited.  The  secretion  of  pepsin  is  not  influenced  by  digestive 
disturbances  to  the  same  extent.  At  least,  nearly  all  authors  who  have 
given  attention  to  the  proteolytic  enzyme  of  the  stomach  report  its 
presence  in  the  gastric  juice  of  children  suffering  from  gastro-intestinal 
disorders.  Only  a  few  authors — as,  for  instance,  Thiercelin  (25)  and  Leo 
(28) — ^mention  some  cases  of  hypopepsia  or  deficiency  in  pepsin. 

Toch  (45)  found  pepsin  and  peptone  not  only  in  the  gastric  contents 
of  healthy  infants,  but  even  in  those  who  were  seriously  ill.  But  it  is 
questionable,  according  to  his  experiments,  whether  the  latter  was  a 
product  of  peptic  digestion  ;  for  the  gastric  juice  which  he  obtained  did 
not  peptonize  fibrin  till  0-3  per  cent.  HCl  was  added.  As  the  production 
of  peptone  in  the  stomach  by  bacterial  action  has  not  been  proved,  its 
presence  may  perhaps  be  explained  by  assuming  that  the  coagulation 
of  caseinogen  sets  free  a  peptone-like  body.  This  point  will  be  further 
considered  in  dealing  with  the  action  of  rennet. 

2.  Rennet  Fermentation. 

All  authors  who  have  dealt  with  the  presence  of  the  rennet  enzyme 
in  the  stomach  of  children  suffering  from  gastro-intestinal  disoiders 
[Szydlowski,  Cassel,  Meyer,  and  others]  are  agreed  that  it  is  invariably 
to  be  found.  Szydlowski  (46),  who  has  made  the  fullest  investigations, 
described  it  as  constant ;  its  activity  was  independent  of  the  nutrition, 
age,  health,  or  development  of  the  child,  as  also  of  the  reaction  of  the 
gastric  juice.  He  could  not  find  in  infants  any  precursor  of  the  rennet 
ferment. 

Certain  differences  exist  in  the  form  of  clot  produced  by  rennet  from 
cow's  milk  and  human  milk  in  the  stomach,  and  as  regards  digestibility 
these  differences  are  of  great  importance. 

Rennet  enzyme  is  added  to  fresh  undiluted  cow's  milk  ;  this,  in  a  short 
time,  will  coagulate  into  a  gelatinous,  coherent  clot,  whereas  human 
milk,  under  the  same  circumstances,  usually  does  not  coagulate.  It  is 
only  on  the  addition  of  traces  of  HCl  that  a  slow,  incomplete,  and  finely 
flocculent  coagulation  occurs. 

This  obvious  difference  was  formerly  held  to  explain  the  indigesti- 
bility  of  cow's  milk  [Kiiffner,  Vogel,  Biedert,  and  others],  and  many 
endeavours  were  made  by  psediatrists  to  make  the  coagulation  of  cow's 
milk  in  the  stomach  simUar  to  that  of  human  milk.  Scientifically,  all 
these  views  are  insufficiently  supported.  Cow's  milk  only  coagulates 
with  a  firm  clot  when  it  is  undiluted,  fresh  and  absolutely  still.  When  it 
is  moved,  a  fine  flocculent  deposit  of  casein  always  occurs  [Szydlowski]. 

In  the  stomach  cow's  milk  coagulates  in  fine  flakes  just  like  human 
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milk,  if  its  proportion  of  fat  is  so  raised  that  it  bears  the  same  ratio  to 
the  protein  as  it  does  in  human  milk  [Biedert].  The  same  thing  occurs  if 
albumin  [Schlossmann],  or  a  gelatinous  or  cereal  decoction  is  added  to 
the  cow's  milk. 

On  the  other  hand,  an  excessive  amount  of  fat  has  been  shown  to 
influence  protein  digestion  unfavourably.  Bell  (207),  as  the  result  of 
his  observations  on  children  fed  with  milk  over-rich  in  fat,  concludes  that 
the  amount  and  digestive  power  of  the  gastric  juice  is  diminished,  and 
thinks  that  the  interference  with  protein  digestion  may  be  partly 
mechanical,  the  food  particles  being  coated  with  a  fatty  envelope,  or  the 
mucous  membrane  of  the  stomach  clogged  up  by  the  same  agent.  He 
alludes  to  LabapofiTs  experiments,  described  in  Pawlow's  "  Work  of  the 
Digestive  Glands,"  showing  that  after  400  grammes  of  flesh  had  been 
given,  the  average  of  13  c.c.  of  gastric  juice  was  secreted  during  each  of 
the  first  four  hours,  having  a  digestive  power  of  4-47  millimetres.  The 
same  amount  of  flesh  taken  one  and  a  half  hours  after  75  c.c.  of  olive  oil 
only  gave  rise  to  an  average  of  4-5  c.c.  of  juice,  with  a  digestive  power 
of  2-69  millimetres. 

We  need  only  expect,  therefore,  a  heavy  lumpy  clot  of  casein  in  the 
infant's  stomach,  when  not  only  milk  is  given  fresh  and  undiluted,  but 
when,  in  addition,  the  motor  power  of  the  stomach  is  unusually  weakened. 

How  far  the  large  clot  then  formed  is  bad  for  the  infant  is  at  present 
not  understood. 

It  is,  indeed,  generally  held  that  the  large  milk-clot  offers  great  resist- 
ance to  the  peptonizing  process,  but  this  view  rests  merely  on  supposition, 
and  certain  researches  of  Escherich's  (47)  negative  this  point  of  view. 
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As  the  table  shows,  the  artificial  gastric  digestion  of  the  casein  clot 
occurs  equally  well  whether  the  clot  is  massive  or  flocculent. 

While  in  the  views  of  older  authors  prominence  was  given  to  the 
idea  that  rennet  exercised  a  retarding,  if  not  a  preventive,  influence  on 
the  digestion  of  milk,  in  recent  times  the  fact  has  not  been  lost  sight  of 
that  the  rennet  ferment  is  of  importance  in  the  digestion  of  albumin. 
These  views  tend  in  two  directions. 

Some  authors  [Danilewski,  Okouneff  (48),  and  Sawjalow  (49)]  ascribe 
an  important  part  to  rennet  in  the  conversion  of  peptone  into  albumin 
(albuminization).  This  occurs  in  the  stomach  and  small  intestine — 
that  is,  in  the  mucous  membrane  of  the  alimentary  canal — and  consists 
in  a  dehydration  of  peptone.    Its  object  is  to  change  the  various  products 
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of  digestion,  which  are  brought  about  by  feeding  on  various  proteins,  into 
a  homogeneous  substanoe-— *'  plastein  " — ^which  serves  for  the  formation 
of  tissue  substance. 

Botondi  (50)  has  recently  pointed  out  another  way  in  which  rennet 
influences  digestion.  Hammarsten  (61)  had  formerly  supported  the  view 
that  oaseinogen  was  split  by  the  rennet  ferment  into  an  insoluble  body — 
casein  (paracasein) — and  into  the  soluble  whey  protein.  Botondi  now 
shows  that  after  precipitating  the  casein  with  acetic  acid,  and  again 
heating,  more  nitrogen  remains  in  the  filtrate  if  the  milk  has  been  previ- 
ously treated  with  a  small  quantity  of  rennet.  He  therefore  concludes 
that  by  the  digestive  action  of  the  rennet  ferment  on  the  casein  a  protein 
body  is  split  off,  soluble  in  acetic  acid,  and  not  precipitated  by  heat. 
When  these  observations  on  the  digestive  actions  of  the  rennet  enzjrme 
are  confirmed,  they  will  be  of  importance  for  the  theoretical  compre- 
hension of  milk  digestion.  The  interest,  as  far  as  the  pathology  of 
metabolism  is  concerned,  is  limited.  For,  just  as  is  the  case  with  the 
other  gastric  enzjrmes,  the  rennet,  under  aU  circumstances,  even  in 
exceedingly  sick  children,  is  present  and  active  in  all  phases  of  digestion. 
Therefore  the  newly  inaugurated  attempt  to  increase  the  digestibility 
of  milk  by  the  addition  of  rennet  (52),  and  also  the  good  results  obtained 
by  this  method,  must  be  accepted  with  reserve. 


D.— PROCESSES  Df  THE  INTESTINE. 

Whereas  in  the  removal  of  the  stomach  contents  we  have  a  means 
of  directly  ascertaining  the  processes  of  gastric  digestion,  in  the  study  of 
intestinal  processes  we  are  limited  to  analysis  of  the  faeces  and  urine, 
or  to  post-mortem  researches  on  the  secretory  function  of  the  intestine 
and  its  tributary  glands.  For  this  reason  there  are  still  many  gaps  in 
our  knowledge  of  the  pathological  processes  of  the  intestine. 

As  regards  the  functions  of  the  liver,  A.  Koeller's  (53)  researches  on 
its  urea-forming  power  in  sick  children  will  be  discussed  in  the  section 
on  ammonia  excretion  by  the  kidneys.  The  detoxicating  function  of 
the  liver  has  been  studied  both  in  sick  and  in  healthy  infants.  As  to 
the  composition  of  bile  in  children  (especially  the  contents  of  the  gall- 
bladder), the  analyses  by  Jacubowitsch  (53a)  and  Baginsky  and  Som- 
merfeld  (53b)  are  available.  On  the  other  hand,  the  question  as  to 
whether  disturbances  in  the  secretion  of  bile  occur  in  infants  has  not  yet 
been  experimentally  determined.  The  almost  white  stools,  so  often  noted 
in  children  suffering  from  gastro-intestinal  disorders  consequent  on  over- 
feeding with  milk — ^which  almost  resemble  the  stools  in  acholia — cannot 
be  regarded  as  an  indication  of  diminished  biliary  secretion.  These 
stools  probably  owe  their  appearance  to  some  cleavage  in  the  bile  pig- 
ments which  first  occurs  in  the  intestine,  a  fact  which  will  be  further 
considered  when  we  deal  with  the  reduction  processes  which  occur  in 
the  gut. 

The  pancreas  has  for  a  long  time  been  an  object  of  interest  to  the 
pttdiatrist,  and  especially  the  question  as  to  whether  a  diastatio  enzyme 
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is  present  and  active  in  the  pancreas  from  birth.  This  question  has  also 
a  practical  significance,  for  upon  it  depends  our  decision  as  to  whether 
or  not  a  newly-born  or  quite  young  child  can  assimilate  starch  in  its  diet — 
in  other  words,  whether  it  is  able  to  invert  sugar. 

In  the  older  literature  [Korowin,  Zweifel]  the  diastatic  power  of  the 
pancreas  in  the  newly-born  and  in  children  during  the  first  weeks  of  life 
was  totally  denied. 

Moro  (64)  recognised  traces  of  a  diastatic  enzyme  in  the  newly-born 
by  making  a  thorough  extraction  of  the  pancreas.  He  found  large 
amounts  of  diastatic  enzyme  in  the  stools  and  intestinal  contents  of 
suckling  infants.  These,  however,  originated  in  part  from  the  pancreas, 
and  in  part  from  the  intestinal  glands  and  the  mother's  milk. 

Kerley,  Mason,  and  Craig  (208),  by  an  examination  of  the  stools  of 
sixty  infants  fed  exclusively  on  starch,  did  not  observe  any  evidence  of 
starch  in  thirty-three  cases,  and  in  twenty  it  was  only  occasionally 
present.  Dextrin  was  present  in  more  than  half  the  oases.  They  also 
isolated  a  reducing  ferment  from  the  faeces  of  twenty-six  breast-fed 
infants  under  two  months  old.  One  grain  of  fsBces  (0*064  gramme)  was 
able  to  convert  ^  grain  (0*0032  gramme)  starch.  This  result  was  also 
obtained  when  the  fsBcal  extract  was  passed  through  a  Berkefeldt  filter, 
showing  that  it  was  not  a  direct  bacterial  action,  and  also  when  made 
from  meconium,  showing  that  it  was  not  due  to  ferments  in  the  milk. 
On  the  other  hand,  Gillet  (55),  as  a  result  of  post-mortem  researches, 
states  that  in  the  first  months  of  life  the  sugar-forming  enzyme  is  not 
present  in  the  pancreas.  Under  pathological  conditions  the  zymogenic 
activity  of  the  pancreas  appears  to  be  disturbed  in  various  ways.  Accord- 
ing to  Gillet,  the  pancreatic  juice  loses  its  peptonizing  and  diastatic  power 
in  conditions  of  intestinal  catarrh.  Jacubowitsch  (66),  however,  has 
shown  that  the  sugar-forming  enzjrme  is  but  little  delayed  by  illnesses, 
and  that,  concomitantly,  the  peptonizing  ferment  is  much  more  markedly 
affected  ;  in  hereditary  syphilis  and  cholera  infantum,  among  others,  the 
enzyme  cannot  be  detected.  In  the  same  way,  according  to  this  author, 
the  fat-splitting  enzyme  of  the  pancreas  is  considerably  diminished  in 
many  very  different  pathological  conditions. 

The  investigation  of  the  refuse  of  the  food,  the  fsBces,  plays  a  greater 
part  in  our  knowledge  of  the  processes  in  the  intestine.  For  it  enables  us 
to  discover  at  once  the  degree  of  absorption  of  the  ingested  food,  and 
what  portions  of  it  cannot  be  utilized.  Moreover,  it  permits  of  very  wide 
conclusions  being  drawn  as  to  the  activity  of  the  glands  of  the  intestine 
and  the  organs  attached  to  it,  and  enables  us  to  decide  whether  we  have 
to  deal  with  a  normal  or  pathological  secretion. 

Oeneral  Charactera. — ^The  faeces  of  a  breast-fed  infant  are  distinguished 
by  their  golden  yellow  colour  and  their  soft,  homogeneous  consistency, 
llie  normal  stool,  however,  has  not  these  characters  under  all  conditions. 
The  appearance  of  the  stools  of  breast-fed  children  varies  within  con- 
siderable limits  according  to  the  proportion  of  fat  in  the  milk;  only 
when  the  child  is  fed  on  milk  rich  in  fat  is  the  ''  classical  "^  pultaceous 
stool  obtained  [Gregor  (57)].  In  the  periods  in  which  the  secretion  of 
i  In  medioal  literature,  this  really  myolves  a  gross  misuse  of  the  word. 
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the  mammary  glands  is  poorer  in  fat  the  stools  are  more  copious,  more 
watery,  unequally  coloured,  and  contain  whitish  or  yellowish  stained 
flakes,  which  are  embedded  in  a  more  or  less  green-coloured  mucus. 

It  has  been  urged  against  Gregor's  researches  by  P.  Reyher  (57a)  and 
S.  Engel  (57b)  that  his  estimations  of  the  fat  contained  in  human  milk 
leave  something  to  be  desired  in  point  of  accuracy.  But  the  fact  that 
the  appearance  of  the  faeces  depends  on  the  varied  composition  of  the 
human  milk  is  not  affected  by  this  objection. 

The  smell  of  the  fseces  in  breast-fed  children  is  acrid,  but  not  foetid. 
Their  reaction  to  lacmus  is  acid,  owing  to  the  production  of  lactic  acid. 
On  exposure  to  the  air  the  yellow  colour  becomes  green  owing  to  the 
oxidation  of  bilirubin  into  bihverdin. 

The  colour  of  normal  faeces  from  children  fed  on  cow's  milk  is  also 
yellow,  but  not  so  bright  a  yellow  as  the  faeces  of  the  breast-fed  child ; 
on  standing  exposed  to  the  air,  they  turn  mostly  white  or  greyish-yellow. 
If  carbohydrates  replace  the  cow's  milk  as  food,  the  yellow  colour  of  the 
stools  is  more  intense. 

The  faeces  of  the  artificially  fed  child^are  strong-smelling,  owing  to 
decomposition  products,  even  in  the  absence  of  any  symptoms  of  illness. 
The  presence  of  these  products,  which  depends  on  reduction  processes 
occurring  in  the  intestine,  also  accounts  for  the  stools  being  mostly 
alkaline  to  lacmus.  On  the  addition  of  carbohydrates  to  the  diet  of 
cow's  milk,  the  reaction  of  the  faeces  shows  an  acid  phase,  and  the  smell 
of  decomposition  disappears.  The  difference  in  the  nature  of  the  in- 
testinal processes  in  the  case  of  naturally  and  artificially  fed  children  is 
expressed  in  the  acidity  of  the  stools. 

According  to  Blauberg  (58),  100  grammes  of  human  milk  are 
neutralized  by  25  c.o.  normal  soda  solution,  and  100  grammes  of  cow's 
milk  by  11-33  c.c. 

Hellstrom  (50)  found  the  acidity  of  the  stools  in  breast-fed  children 
equal  to  2-6  c.c.  normal  soda  solution,  Langstein  (60)  to  2*1  to  3-7  c.c. 

Hedenius  has  published  researches  on  the  acidity  of  the  stools  with  a 
diet  of  various  carbohydrates.  He  showed  that  the  acidity  (according 
to  Blauberg)  is  liable  to  considerable  variation ;  it  is  higher  in  younger 
children,  who  digest  carbohydrate  badly,  lower  or  nil  when  the  carbo- 
hydrate in  the  intestine  escapes  decomposition. 

The  content  of  the  faeces  in  albumin,  fat,  and  carbohydrate  will  be 
further  dealt  with  below  under  the  heading  of  Absorption. 

Experiments  on  the  processes  of  decomposition  and  fermentation  of 
the  faeces  in  the  intestine  show  that  these  processes,  which  are  both  pro- 
duced by  the  action  of  bacteria  on  the  food  and  intestinal  juices,  are  so 
nearly  related  that  it  is  best  to  deal  with  them  together. 

Various  causes  contribute  to  the  fact  that,  normally,  in  the  intestines 
of  infants  no  putrefactive  processes  occur.  According  to  Senator  (62), 
putrefaction  is  prevented  by  the  rapid  passage  of  the  food  through  the 
gut.  This  being  the  case,  the  faeces,  if  left  to  themselves,  should  putrefy 
outside  the  body.  As  a  matter  of  fact,  this  does  happen.  At  any  rate, 
Wmtemitz  (63)  and  Blauberg  (58)  recognised  the  presence  of  indol, 
phenol,  skatol,  and  oxy-acids,  the  former  observer  in  the  milk-stools  of 
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dogs,  and  the  latter  in' the  stools  of  breast-fed  and  bottle-fed  infants, 
after  long  keeping  in  a  thermostat.'^ 

The  fact  established  by  Hirschler  (64),  Bovighi  (65),  Schmitz  (66), 
Eisenstadt  (67),  and  others,  that  milk  is  nsually  incapable  of  putrefaction, 
and  that  the  employment  of  milk  or  its  products  (cheese,  kephyr)  arrests 
or  diminishes  intestinal  putrefaction,  accounts  for  its  absence  in  milk 
diet. 

According  to  Hirschler,  Wintemitz,  and  Schmitz,  carbohydrates 
prevent  the  putrefactive  decomposition  of  casein. 

We  must  imagine  that,  normally,  in  the  intestine  the  casern  is  pro- 
tected from  putrefaction  by  the  preponderating  influence  of  fermentation. 
According  to  Escherich  (60),  as  a  rule,  only  two  sorts  of  bacteria  are 
present  in  the  intestine — ^the  BacUrium  lacUa  aerogenes  and  the  BadUus 
coli  communis  ;  the  first  in  the  small,  the  second  in  the  large  intestine. 

E.  Moro  (72)  found  in  the  small  intestine  the  B.  coli  and  ladis  aerogenea 
preponderating  over  B.  bifidua  from  the  c»cum  upwards.  All  three  are 
markedly  fermentative,  but  they  have  no  proteolytic  or  peptonizing 
action.  The  acid  reaction  produced  by  fermentation  in  the  intestinal 
contents  prevents  putrefaction. 

It  is  different  under  pathological  conditions.  Here  we  have  not  only 
to  reckon  with  the  intestinal  contents,  mainly  consisting  of  milk  or  the 
products  of  its  digestion,  but  at  the  same  time  with  an  increased  secretion 
of  intestinal  mucus,  and  this  is  extraordinarily  liable  to  putrefaction. 
There  is  no  doubt  that  the  stinking  evacuations  of  infants  suffering  from 
gastro-intestinal  diseases — ^when  it  is  shown  by  the  composition  of  the 
fsdces  that  there  is  no  possibility  of  decomposition  of  the  food— owe 
their  character  solely  to  the  putrefaction  of  the  intestinal  secretion. 

From  another  point  of  view  Biedert  (70,  71)  and  Baginsky  (73),  in 
opposition  to  the  fact  established  by  all  other  authors,  that  food  cannot 
ferment  in  the  infant's  intestine,  indict  the  protein  giv«i  in  artificial 
food  as  responsible  for  the  origin  of  gastro-intestinal  disturbances.  The 
former  falls  back  upon  the  deficient  absorption  of  the  casein  of  cow's 
milk,  which,  as  will  be  seen  later,  does  not  really  occur.  Through  this 
are  produced  in  the  intestine  "  deleterious  food  residues,"  and  these,  again, 
give  rise  to  putrefaction  and  the  presence  of  toxic  products. 

Baginsky  ascribes  to  the  saprophytic  bacteria,  when  they  are  not 
overpowered  by  the  organisms  of  fermentation,  the  power  of  producing 
from  the  protein  of  the  food  toxic  bodies  resembling  peptone,  ptomaines, 
indol,  phenol,  and  especially  ammonia.  All  these  toxic  products  of  the 
putrefaction  of  albumin  on  entering  the  lymph  and  blood  stream  give 
rise  to  the  severe  symptoms  of  cholera  infantum. 

It  cannot  be  denied  that  the  putrefactive  process  which  both  these 
authors  consider  so  important  in  the  pathogenesis  of  gastric  disturbances 
is,  as  a  matter  of  fact,  of  no  little  significance  in  the  symptomatology  of 
the  gastro-intestinal  disorders  of  infants ;  this  is  certainly,  however,  no 
primary  event,  but  can  be  explained  on  the  grounds  of  a  pathologically 
increased  intestinal  secretion.  Moreover,  from  this  point  of  view  arti- 
ficially fed  children  are  worse  off  than  those  nourished  naturally.  For 
in  every  case  of  artificial  feeding  there  is  already  an  increased  intestinal 
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secretion,  which  is  further  shown  by  the  fact  that  in  normal  breast-fed 
children  no  excretion  of  indican  is  noted  in  the  urine  [Senator,  Hoch- 
singer,  Zamfiresco],  whereas  some  is  usually  found  in  the  case  of  arti- 
ficially fed  children. 

Momidlowski  (74)  found  that  in  children  suffering  from  gastro- 
intestinal diseases  the  indicanuria  was  more  intense  in  proportion  to  the 
severity  of  the  intestinal  affection  which  gave  rise  to  the  putrefactive 
process. 

According  to  Kast  (75),  Stadelmann  (76),  Biemacki  (77),  Mester  (78), 
Schmitz  (79),  and  Wasbutzki  (80),  moreover,  the  secretion  of  HCH  in  the 
stomach  has  considerable  influence  on  putrefactive  processes  in  the  gut ; 
and  considering  that,  as  we  have  shown  in  a  preceding  section,  the  majority 
of  the  gastro-intestinal  disturbances  in  infants  are  accompanied  by  a 
diminution  in  HO  production,  this  must  give  an  additional  impulse  to 
the  putrefaction  of  the  intestinal  secretions. 

Whereas  putrefactive  processes  occur  in  the  intestine  with  an  alkaline 
reaction,  and  accompanied  by  a  decomposition  of  protein  or  protein-like 
material,  fermentation  in  the  intestine  takes  place  with  an  acid  reaction, 
and  accompanied  by  breaking  up  of  carbohydrates.  The  only  material 
for  fermentation  in  naturally  fed  children  is  milk-sugar,  but  in  artificial 
diets  other  sorts  of  sugar,  such  as  saccharose  and  maltose,  occur,  and 
cereals  containing  starch  and  dextrin.  According  to  Escherich  (69),  the 
fermentation  products  are  lactic  acid,  carbonic  acid,  and  hydrogen. 
Other  authors  [Baginsky,  Emmerling]  consider  lactic  acid  only  a 
secondary  product  of  fermentation,  as  they  have  found  acetic  and 
especially  succinic  acid  to  be  the  principal  fermentation  products  of 
milk-sugar. 

The  physiological  significance  of  fermentation  Ues  in  the  fact,  already 
pointed  out,  that  through  acid  formation  the  intestinal  flora  is  influenced, 
and  putrefaction  is  thus  prevented  or  diminished.  Moreover,  as  Schmidt 
(81)  has  recently  remarked,  the  products  of  fermentation  serve  to  stimu- 
late peristalsis,  and  thus,  by  preventing  the  ingesta  remaining  too  long 
in  the  intestine,  to  hinder  int^tinal  putrefaction.  Slight  degrees  of  fer- 
mentaticHi  are  needful  to  maintain  the  physiological  processes  in  the 
intestinal  tract  of  infants. 

On  the  other  hand,  should  any  etiological  factor  (such  as  overfeeding 
or  too  short  intervals  between  meals  in  the  breast-fed  children,  and  excess 
of  starchy  food  in  the  artificially  fed)  produce  abnormal  fermentation,  it 
will  also  give  rise  to  irritation  of  the  wall  of  the  gut,  as  Widerhofer  (82), 
Escherich  (83),  and  recently  Raczynski  (84),  have  shown,  and  thus  cause 
increased  secretion,  desquamation,  and  peristalsis.  This  so-called  fer- 
mentative dyspepsia  is  marked  by  the  formation  of  gas  (especially 
hydrogen),  and  by  the  occurrence  of  numerous  stools  of  a  frothy  and  acid 
character. 

Raczynski,  who  has  recently  described  this  symptom-complex  in 
breast-fed  children,  considers  as  causa  cauaana  an  excess  of  fatty  acids 
occurring  as  a  result  of  the  preponderance  of  fermentative  bacteria  in  the 
intestine,  and  causing  a  defective  fat  absorption.  For  example,  he  cites 
the  analysis  of  the  fnces  in  the  case  of  two  children,  both  nursed  by  the 
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same  wet-nuise.    One  was  normal,  the  other  dyspeptic.    The  following 
observation  illustrates  the  point  in  question  : 


In  100  Chrammes  Dry  Fceeea. 

(a)  DyvpepOo  Child. 

(6)  Nomua  Child. 

Free  volatUe  fatty  acids 

Free  fixed  fatty  acids       

Saponified  fatty  acids 

7-31 

1-87 
10-77 

0-790 
0*749 
3117 

The  opposite  condition  in  which  fermentation  of  carboh3rdrate8  and 
putrefaction  of  protein  coexist  is  of  much  more  interest  from  the  thera- 
peutic standpoint.  Empirically,  when  the  stools  are  foul  it  is  always 
found  that  protein  food  has  been  limited,  and  the  deficiency  made  up 
with  carbohydrate.  Escherich  (85),  however,  was  the  first  to  exactly 
explain  the  position,  and  to  introduce  an  important  factor  in  the  treat- 
ment of  gastro-intestinal  diseases  by  absolutely  checking  the  bacterial 
growth  of  the  intestine,  and  ending  the  peculiar  kind  of  decomposition 
to  which  it  gives  rise. 

Schmidt  (81),  considers  that  he  has  found  an  important  diagnostic 
index  of  the  amount  of  fermentation  in  the  intestine  in  the  fermentation 
test  which  he  has  introduced.  This  consists  of  allowing  the  freshly- 
passed  f »ce8  diluted  with  water  to  undergo  fermentation  in  an  incubator. 
The  amount  of  gas  formed  in  twenty-four  hours  (early  fermentation)  is 
measured ;  the  quantity  acts  as  an  index  of  the  extent  of  fermentable 
carbohydrate  in  the  f  SBces. 

Pusch  (86)  could  not  find  any  early  fermentation  in  healthy  breast-fed 
children.  Its  appearance  in  the  faeces  of  breast-fed  children  he  con- 
sidered as  a  sign  of  disturbed  carbohydrate  digestion.  In  sick  and 
'*  irrationally  "  fed  children  it  was  almost  always  demonstrable. 

Callomon  (87),  who  repeated  the  researches  of  Pusch,  was  unable  to 
confirm  them.  Both  he,  and  later  Langstein  (60),  observed  early 
fermentation  in  normal  breast-fed  children ;  for  the  rest,  the  amount  of 
fermentation  on  a  diet  of  soluble  carbohydrate  and  cereals  varied  so 
much  in  the  same  child  that  its  value  as  a  clinical  diagnostic  sign  of  the 
functional  activity  of  the  intestine  was  not  by  any  means  apparent.  In 
close  relationship  with  fermentation  and  putrefaction  stand  the  processes 
of  oxidation  and  reduction  in  the  intestine ;  little,  however,  is  known  of 
their  significance  as  regards  the  metabolism  of  infants. 

The  golden-yellow  colour  of  the  in&nt's  stool  is  due  to  the  presence  of 
unchanged  bilirubin.  If  the  stools  remain  exposed  to  the  air  biliverdin 
is  formed,  and  their  colour  becomes  green. 

This  oxidation  of  bilirubin  can  also  take  place  in  the  intestinal  canal. 
Then  it  produces  the  phenomenon  of  green  stools,  to  which  the  older 
authors  attached  great  importance  as  a  symptom  of  dyspepsia. 

Although  it  was  formerly  assumed  that  the  formation  of  biliverdin 
took  place  by  the  action  of  acid  products  in  the  gut,  Pfeiffer  (88)  stated 
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that  it  depended  on  the  action  of  alkalis  on  bilirubin.  At  any  rate,  he  was 
able  to  turn  the  yellow  f sBces  of  a  breast-fed  child  green  by  the  addition 
of  dilute  potash,  or  soda  solution,  or  the  alkaline  carbonates  in  vitro. 
On  that  account  he  supposed  that  in  the  gut,  whenever  for  any  cause 
there  was  an  excessive  alkalinity,  the  intestinal  contents  became  green  in 
colour,  and  that  this  green  colour  remained  permanent  even  when  in  the 
lower  portion  of  the  gut  the  reaction  once  more  became  acid.  Whether 
the  events  observed  by  Pf eiffer  in  vitro  can  also  be  applied  to  the  processes 
inside  the  gut  is  at  present  not  proved ;  for  the  rest,  his  assumption  of 
an  overwhelming  degree  of  alkalinity  in  the  gut  (a  flooding  of  the  upper 
part  of  the  intestine  with  alkaline  milk  not  neutralized  by  the  gastric 
HQ)  is  decidedly  problematical. 

Wemstedt  (88b)  advances  a  more  plausible  explanation  of  the  occur- 
rence of  green  stools.  He  attributes  the  formation  of  biliverdin  to  the 
action  of  an  oxidizing  ferment.  This  ferment  he  has  identified  in  the 
intestinal  mucus,  and  more  particularly  in  the  leucocytes.  Green-coloured 
stools  contain  invariably  a  larger  or  smaller  amount  of  mucus,  and 
Wemstedt  therefore  considers  that  the  pathological  secretion  of  mucus 
is  the  primary  event,  and  that  the  oxidation  of  the  bilirubin  is  secondary. 

Our  position  as  to  the  reduction  changes  in  the  bile  pigments  is  better 
defined  than  that  concerning  the  oxidizing  changes  of  bilirubin.  Schmidt's 
oonosive  sublimate  test  for  f sbccs  provides  a  simple  and  certain  method 
of  distinguishing  between  bilirubin  and  hydrobilirubin.  If  the  f»oee 
are  treated  with  a  saturated  solution  of  HgCl^,  all  specimens  containing 
hydrobilirubin  will  become  red,  while  bilirubin  is  converted  into  green 
biliverdin.  The  formation  of  hydrobilirubin  in  the  intestine  occurs  with 
absolute  certainty  as  an  accompaniment  of  putrefactive  processes.  Bili- 
rubin cannot  be  demonstrated  in  the  normal  stools  of  adults,  and  hydro- 
bilirubin hardly  ever  in  the  normal  stools  of  breast-fed  infants,  because 
in  these  no  putrefaction  takes  place.  On  the  other  hand,  as  Sclukora  (00) 
has  shown,  the  stools  of  artificially-fed  children  suffering  from  no  gastro- 
intestinal disease  contain  a  preponderance  of  hydrobilirubin. 

In  frequently  passed  diarrhceic  stools  Schikora  found  the  hydro- 
bilirubin diminished,  whereas  he  found  it  in  excess  of  the  urobilin  in 
foul  stools  evacuated  at  longer  intervals.  In  the  first  case  putrefaction 
was  hindered  by  the  rapid  passage  through  the  gut ;  in  the  latter  case  it 
was  favoured. 

Langstein  (91)  has  recently  remarked  on  a  still  more  extensive  re- 
duction of  bile  pigments  in  the  gut.  Starting  from  the  observation 
that  infants  which  were  overfed  —  but  undernourished — with  cow's 
milk  generally  passed  white  stools  similar  to  those  of  acholia,  Langstein 
endeavoured  to  show  that  in  these  children,  as  a  matter  of  fact,  a  dis- 
turbance of  the  cholipoietic  function  of  the  liver  does  occur,  or  there  is 
some  change  in  the  bile  pigments.  With  this  object  he  used  the  reagent 
introduced  by  Ehrlich  (dimethylamido-azobenzaldehyde),  which,  as 
Neubauer  (92)  has  shown,  reacts  with  urobilinogen,  producing  a  red 
colour  when  heated  in  an  acid  solution.  Langstein  obtained  a  particu- 
larly intense  Erhlich's  reaction.  Thus  it  is  most  probable  that  the 
urobilinogens  are  reduction  products  of  hydrobilirubin,  and  form  colour- 
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less  compounds  in  an  alkaline  solution ;  and  so  the  fact  was  established 
that  the  white  stools  are  not  acholic,  but  that  it  is  a  case  of  an  abnormal 
reduction,  whereby  the  bilirubin  is  converted  into  a  colourless  uro- 
bilinogen instead  of  into  urobilin. 

As  to  the  gaseous  products  of  fermentation  and  putrefaction,  but  few 
figures  are  available.  Quest  (93)  has  analjrzed  the  intestinal  gases  in 
infants.  He  found  that  these  depended  to  a  great  extent  on  the  food, 
in  so  far  that,  by  raising  the  proportion  of  carboh3rdrate  in  the  diet,  he 
could  also  increase  the  hydrogen  in  the  intestinal  gases,  and  correspond- 
ingly decrease  the  nitrogen.  Occasionally  marsh  gas  was  found;  the 
quantitative  estimation  of  H^  was  prevented  by  the  high  ooefBcient  of 
absorption  of  this  gas.  The  question  of  the  origin  of  tympanites  in  infants 
was  not  cleared  up  by  the  nature  of  the  composition  of  the  gastric  and 
intestinal  gases.  For  this  reason  Quest  assumed  as  a  cause  of  tympanites, 
in  addition  to  the  intensity  of  the  gas  formation,  a  disturbiuice  of  the 
circulation  in  the  abdominal  organs,  which  prevented  a  proper  absorption 


E.--OASTRO-INTESTINAL  TOXDrES— DETOXICATION. 

The  question  of  the  formation  of  poisons  in  the  intestinal  tract,  which 
has  recently  obtained  considerable  importance  for  adults,  and  has  given 
rise  to  a  class  of  diseases  termed  autointoxications,  has  been  but  little 
studied  in  infants.  Gzemy  (10)  was  the  first  to  investigate  this  subject. 
He  put  to  himself  the  question  whether  the  diet  of  infants — ^that  is, 
either  human  milk  or  cow's  milk  —  could  serve  as  material  for  the 
production  of  intestinal  toxines.  To  throw  light  on  this  matter,  he  en- 
deavoured to  ascertain  whether,  from  human  or  cow's  milk,  he  could 
obtain,  either  by  digestion  or  under  the  influence  of  the  bacteria  present 
in  the  infant's  intestine,  substances  which  could  be  shown  to  be  toxic 
by  animal  experiments.  As  these  investigations  had  a  negative  result, 
he  then  sought  for  some  toxic  substance  in  the  faeces.  Failure  in  this 
search  led  to  the  conclusion  that  the  formation  of  acids  in  the 
intestine  was  the  only  factor  of  etiological  importance  in  the  alimentary 
diseases  of  infants. 

Lesage  (06)  filtered  the  stools  of  infants  with  acute  gastro-enteritis 
through  a  porcelain  filter,  and  found  the  filtrate  was  not  toxic  for  guinea- 
pigs.  Li  the  same  way  Salge  (07)  was  unable  to  isolate  any  substance 
toxic  for  animals,  either  from  the  stools  of  children  with  acute  toxio 
intestinal  catarrh,  or  from  the  acidophil  bacilli,  to  which  he  attached 
considerable  importance  in  the  etiology  of  this  disease. 

On  the  other  hand,  Koppen  (08)  found  a  substance  poisonous  to 
rabbits  and  cats  when  cheese  was  inoculated  with  infant's  faeces  and 
allowed  to  stand  a  long  time.  This  result  is  no  more  conclusive  for  our 
question  than  the  more  significant  observation  of  Finkelstein  (00),  who 
found  that  young  goats,  whose  milk  had  for  one  single  occasion  been  mixed 
with  5  c.c.  of  fluid  faeces  from  a  marasmic  infant,  became  very  cachectic 
and  succumbed,  although  animals  fed  with  faeces  of  healthy  infants 
remained  in  good  condition. 
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The  only  author  who  found  a  poisonous  body  in  the  fsBces  of  infants 
is  Spillmann  (100).  With  alcoholic  and  watery  extracts  of  the  stools 
of  children  with  gastro-enteritis  he  obtained  toxic  symptoms  in  animals, 
and,  indeed,  in  one  case  was  able  to  produce  rickety  bone  changes  in  a 
rabbit  by  the  injection  of  an  extract  of  the  fseces  of  a  rachitic  child.^ 

It  is  thus  evident  that  the  attempt  to  find  toxic  substances  in  the 
faeces  of  sucklings  has  failed,  and  that  the  explanation  of  gastro-intestinal 
diseases  as  autointoxications  from  the  gut  has,  up  to  now,  led  to  no 
results.  These  negative  results,  as  will  be  explained  later,  caused  a 
number  of  workers  to  regard  the  intermediate  products  of  metabolism 
as  the  main  factors  in  the  causation  of  digestive  disturbances. 

Although  we  cannot  as  yet  definitely  recognise  the  formation  of 
poisons  within  the  intestine,  we  know  that  the  gastro-intestinal  tract,  and 
the  organs  attached  to  it,  have  certain  toxic  powers.  In  infants  this 
power  has  been  ascertained  to  exist,  in  the  cases  of  the  gastric  juice  and 
the  pancreas,  by  means  of  experiments  concerning  poiscming  by  the 
diphtheria  toxine.  In  both  these  series  of  experiments  the  diphtheria 
toxine  was  chosen,  not  because  it  plays  any  part  in  the  gastro-intestinal 
tract,  but  merely  as  an  indicator,  because  the  dosage  can  be  exactly 
regulated,  and  its  action  permits  of  very  careful  study. 

Schutz  (102)  examined  the  gastric  juice  of  new-bom  children — ^both 
healthy  and  suffering  from  gastro-intestinal  disease — as  to  its  action 
against  diphtheria  toxine,  and  found  that  not  only  newly-born  children, 
but  also  those  who  were  sick,  secreted  a  gastric  juice  which  neutralized 
the  toxine.  But  this  function  was  not  constant,  and  in  some  cases  was 
absent  for  no  apparent  reason. 

Von  Zaremba  (103),  who  conducted  similar  experiments  with  extract 
of  pancreas,  proved  its  capability  of  combining  with  toxines  in  children 
the  subjects  of  gastro-intestinal  disease.  He  therefore  concluded  that 
this  xx>wer  must  also  be  present  in  healthy  children. 

The  significance  of  these  results  must  be  regarded  as  all  the  more 
important  since  Behring's  (104)  recent  experiments.  Behring's  attempt 
to  combat  tuberculosis  is  founded  upon  the  power  of  the  new-bom 
animal  to  absorb  antitoxic  substances  (antibodies)  unchanged  from  the 
gastro-intestinal  canal ;  he  relies  especially  on  the  experiments  of  Bower 
(105),  who  found  that  it  was  possible  to  saturate  newly-bom  animals 
(horses  and  rabbits)  with  antitoxic  bodies  from  the  intestinal  canal, 
whereas  this  was  quite  impracticable  in  older  animals.  Salge  (209) 
was  able  to  show  that,  whereas  in  children  antitoxic  substances  were 
transmitted  by  the  mother's  milk  unchanged  into  the  tissues,  the  milk 
of  other  animals  did  not  produce  the  same  results. 

Ganghofner  and  Lange  (105a)  were  able  to  show  that  white  of  egg 
passed  directly  from  the  intestine  into  the  blood-stream  of  human  infants 
during  the  fibrst  few  days  of  life.  Uffenheimer  (103b)  has,  however,  ques- 
tioned the  value  of  the  experiments.    This  author  has,  moreover,  shown 

^  The  experiments  of  Durante  (101),  who  found  the  watery  and  alcuholio  extracts 
of  the  stools  of  children  with  gastro-enteritis  toxic  for  guinea-pigs,  are  not  applicable, 
as  the  children  he  observed  were  in  every  case  at  the  end  of  the  first  or  beginning  of  the 
second  year.  One  child  was  only  eisht  months  old  at  the  beginning  of  the  experiment, 
and  the  extract  of  its  fsoes  appeared  to  be  non-toxic. 
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that,  in  the  case  of  gomes-pigs,  feeding  with  bacteria  which  do  not 
damage  adult  animi^lH  also  produces  no  infection  in  the  newly-born. 
Casein,  white  of  egg,  and  hsemolytic  serum  did  not  appear  in  most  cases 
to  traverse  the  intestinal  wall  in  newly-born  guinea-pigs  unchanged ; 
and  the  same  was  true  of  diphtheria  and  tetanus  toxine.  Uffenheimer  is, 
however,  careful  not  to  generalize  from  results  obtained  from  only  one 
species  of  animals,  or  to  apply  them  to  the  human  subject.  He  is  even 
disposed  to  admit  that  the  passage  of  protective  substances  from  the 
intestine  into  the  blood  may  take  place  during  the  first  few  days  of  life 
in  infants.  Salge's  (106)  experiments,  which  negatived  the  absorption 
of  diphtheria  toxine  given  by  the  mouth,  and  those  of  Hamburger  and 
Speck  (106a),  disproving  the  passage  of  albumin  into  the  blood,  and, 
further,  the  results  of  Schiitz  and  von  Zaremba,  quoted  above,  all  point 
in  the  same  direction.  So  that  a  series  of  important  experimental  results 
are  arrayed  against  Behring's  idea  of  immunizing  newly-born  animals 
against  tuberculosis  via  the  intestine. 


m.— ABSORPTION. 

A.— PROTEDI. 

The  question  whether  protein  bodies  which  the  infant  takes  in  the 
milk  are  completely  absorbed,  or  are  in  part  undigested  and  excreted 
with  the  f 8Bces,  has  been  long  considered  an  important  one ;  especially 
as — since  liebig's  researches  many  years  ago — ^protein  alone  has  been 
deemed  capable  of  repairing  the  wear  and  tear  of  the  vital  processes, 
the  nitrogen-free  bodies  being  merely  regarded  as  fuel.  Accordingly, 
the  value  of  protein  must  be  especially  high  for  a  growing  organism. 
When,  later,  the  significance  of  fat  and  carbohydrate  in  metabolism  was 
brought  into  greater  prominence,  the  question  of  the  absorption  of 
nitrogen  still  remained  of  great  interest.  Experiments  were  easily  made 
for  determining  the  nitrogenous  balance-sheet.  The  amount  of  nitrogen 
absorbed  was  held  to  be  an  indicator  of  the  functional  activity  of  the 
intestine,  and  it  was  supposed  that  pathological  conditions  in  infants 
would  be  explained  by  variations  in  absorption. 

Before  an  adequate  technique  for  conducting  metabolism  experiments 
had  been  elaborated,  attempts  were  made  to  determine  the  nitrogen 
content  of  the  dried  f  seces,  and  its  variation  under  varied  diets  and  under 
pathological  conditions.  The  first  to  institute  a  complete  and  systematic 
investigation  was  Tschemoff  (107).  He  found  in  breast-fed  children 
5-2  per  cent,  nitrogen  in  the  dried  feces ;  in  those  from  the  artificially 
fed,  6*0  per  cent.  The  nitrogen  content  in  the  stools  was  diminished 
in  diarrhoea,  owing  to  the  increased  excretion  of  fat  which  took  place 
at  the  same  time.  Lange  (108)  found  in  fourteen  children  with  normal 
stools  2*78  per  cent,  nitrogen,  and  in  the  stools  of  dyspeptics,  1*98  per 
cent,  nitrogen ;  but  in  another  case  which  Lange  investigated  in  con- 
junction with  Berend  the  nitrogen  content  of  the  faeces,  in  spite  of  the 
presence  of  diarrhoea,  appeared  to  be  7  per  cent. 
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This  method  of  examining  the  f SBoeB  only  gives  no  data  for  estimating 
the  amount  of  absorption.  Especially  is  it  inadequate  to  support  the 
view,  so  energetically  maintained  by  Biedert,  that  the  casein  of  cow's 
milk  is  difficult  to  digest. 

In  one  sense  the  question  of  the  digestibility  of  milk  protein  can 
only  be  answered  by  the  quantitative  estimation  of  the  total  intake 
and  output.  But  since  a  method  has  recently  been  elaborated  which 
allows  of  the  urine  and  feces  being  separated  and  collected  without 
loss,  we  will  consider  first  a  relatively  small  number  of  metabolism 
experiments,  which  are,  however,  sufficient  to  clear  up  considerably  the 
question  of  protein  absorption  in  healthy  and  sick  infants  ;  more  especially 
the  question  whether  the  absorption  of  protein  by  sick  infants  is  impaired 
in  such  a  way  that  it  hinders  recovery  and  restoration,  or  leads  to  a 
condition  of  hunger  in  the  organism. 

With  regard  to  the  healthy  child,  we  must  refer  to  the  careful,  critical 
review  by  Gzemy  and  Keller.  Here  we  will  only  extract  a  few  examples 
to  show  that  the  absorption  of  protein  in  healthy  childr^i  is  remarkably 
good,  whether  they  are  fed  naturally  ar  artificially  : 

Human  Milk. 


^uMor.                      Age. 

Dura- 

tvmof 

Expert' 

menl. 

WtigU. 

/n- 
creaatn 

Nitrogen 
Content, 

Per' 
centage 

Ah' 
eorhed. 

Food. 

FtooM. 

1 

Michel,  n.  (109)  . .                 11  davB 
Kellar.  VUl.  (110)          ..    2  months 
RiilnierandHeulnier(lll)   2^    „ 
Michel  and  Penet  (112) ..    3      „ 

Dmn. 
3 
5 
9 
3 

Om. 
4,400 
4,350 
5,220 
4,726 

Om. 
+  400 
+  280 
+  330 
+  29-0 

Om. 
1-870 
1-875 
0-996 
1-676 

Qm. 
00903 
0-2441 
0-1740 
0-1760 

95-30 
87-00 
83-12 
89-50 

Gow's  Ifn^K  AND  Milk-Suoab. 


Aytkor. 

Age. 

Dura- 
tion of 

Weight, 

In- 
crease, 

Nitrogen 
Content, 

Per- 
centage 

Ah' 
dofhed. 

Expert- 
ment. 

Food.        Faces. 

KeUer,  Xn.  (110) 
Rufaner  «nd  Heubner  (113) 

Month*. 

Daya. 
5 

7 

Gm. 
4,900 
7.570 

Om. 
-  60 
+  21-7 

Gm.           Gm. 
2-2260     0-1405 
4-3966     0-2810 

93-7 
93-6 

The  absorption  of  nitrogen  in  healthy  children  varies  from  83  to 
95  per  cent.  There  is  no  difference  in  this  respect  between  natural  and 
artificial  feeding.  Possibly,  indeed,  the  absorption  of  protein  from 
cow's  milk  is  better  than  that  from  human  milk,  in  spite  of  its  higher 
nitrogen  content.  The  application  of  these  results  to  sick  children 
raises  a  difBculty,  inasmuch  as  metabolic  disturbances  in  infants  are  of 
various  kinds,  and  that  there  is,  as  yet,  a  divergence  of  opinion  among 


864 


THE  PATHOLOGY  OP  METABOLISM 


oeitain  authors  as  to  the  nature  of  the  disturbances  of  nutrition.  Por 
this  reason,  the  results  of  competent  investigators  vary  considerably, 
and  are  di£Scult  to  compare  with  one  another. 

There  are  at  present  about  forty  metaboUsm  experiments  on  children 
suffering  from  the  most  varied  disturbances  of  nutrition,  and  under 
manifold  experimental  conditions  (114  to  122). 

All  these  experiments  cannot  be  mentioned  here.  Only  those  will  be 
admitted  within  the  range  of  this  discussion  which  were  undertaken  with 
a  definite  object  in  view.  Pive  experiments  are  to  hand  on  the  absorption 
of  nitrogen  in  breast-fed  children,  the  subjects  of  gastro-intestinal  disease 
[Keller,  Preund]. 


A^Oior. 

A9t. 

Dura- 
Uonol 
Experi- 
ment. 

Weight, 

/n- 
ereaee. 

Nitrogen 
Content, 

Percentage 
Ahmrhed 

Food. 

FtoOM. 

Keller,  V.  (110) 

„       VI.  (110) 

„      XI.  (110) 

Freund.  I.  (116) 

Keller,  n.  (110) 

MontlM. 

4 

Days. 
5 
6 
5 
4 
5 

Gm. 
3,190 
3,300 
3,630 
4.500 
4,190 

Gm. 
-22-0 
+  28-0 
+  14-0 
+   7-5 
+  22-0 

Gm. 
1132 
1-600 
1-6259 
1-2060 
1-5116 

Gm. 
0-1707 
0-3040 
0-4328 
01760 
0-2898 

84-9 
810 
71-7 
85-6 
80-9 

Keller's  cases  refer  to  children  who  were  ill  when  artificially  fed, 
and  then  were  nursed  by  a  wet-nurse ;  Preund's  case  was  breast-fed 
throughout.  The  absorption  of  nitrogen  was,  on  the  whole,  good ; 
only  in  Case  XI.  of  Keller's  was  the  absorption  poorer  without 
an  explanation  being  forthcoming  from  the  clinical  condition  of  the 
child. 


AfUhor, 

Age. 

II 

Food. 

Weight. 

/n- 
ereaee. 

Nitrogen 
Content. 

1^ 

Food. 

Fmm. 

KeUer.  H.  (118) 

KeUer,  UI.A  (119) 

KeUer,  IX.  (110) 
Bubner  and 
Heubner  (113) 

T^nge  and  Be- 
rend,  U.  (114) 

Keller,  m.B  (119) 
Freund,  in.c  (116) 
KeUer,  I.  (120) 

Months 
8 

9 

10 
34 

6 

91 

8 

8 

D«yB. 
5 

5 

5 

4 

5 

4 
5 
6 

One^fuUf 

oow'b  milk 

One-third 

cow's  milk 

Whole  milk 

Diluted 

cow'b  milk+ 

milk-suffar 

Two- thirds 

milk+ 

milk-Bugar 

One-third 

milk+ 

maltose 

One-third  to 

one-half  milk 

+  gruel 
Malted  meal 

Om. 
4,020 

3,960 

4,380 
2,936 

6,006 

3,780 

5,236 

5,370 

Om. 
+   1-0 

+  480 

+  48-0 
-   10 

-31-0 

-17-5 

+  170 

-400 

Om. 
1-4975 

1-2454 

4-7764 
2-1080 

4-5721 

0-8960 

31210 

2-3443 

Om. 
0-0616 

0-0846 

0-2957 
0-386 

0-9428 

00687 

01520 

0-5172 

96-9 

93-2 

93-7 
820 

79-4 

92-3 

95-1 

81-6 
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The  metabolism  ezperimentB  with  artificial  feeding  mainly  relate  to 
chronically  sick  children  who,  though  jEree  from  acute  disturbance  at  the 
time  of  the  experiment,  were  recognised  as  out  of  health  owing  to  failure 
to  put  on  weight,  or  more  or  less  obvious  symptoms  of  atrophy. 

In  most  oases  the  nitrogen  absorption  was  good  in  spite  of  the  dis- 
turbance of  nutrition ;  in  some  it  was  better  than  in  healthy  breast-fed 
children. 

Nevertheless,  the  absorption  of  nitrogen  is  not  equally  good  in  aU 
cases.  The  figures,  as  shown  in  the  following  table,  indicate  deficient 
absorption  of  nitrogen. 


"^i 

Tfttrogen 

JO     . 

II 

1 

ConteiU. 

^  ;3 

AfUhor, 

Age, 

Food. 

Weight. 

►^ 

11 

Fbod. 

FlmsM. 

MontiiiL 

Vbjb. 

Om. 

Om. 

Gm. 

On. 

Bendix(115)       .. 

4 

6 

One-hall 

milk+ 

milk-sugar 

3,830 

" 

3-424 

0-9600 

72-0 

Laogeand 

Two-thuds 

Berend.  m.  (114) 

6 

3 

milk+ 
milk-sngar 

4.770 

-23 

3-8491 

1-4733 

61-9 

BagiDflky,  I.  (121) 

T 

4 

Milk-h  gruel 

T 

-26 

1-4760 

0-7830 

47-3 

BaoiDBky.  n.  (121) 
Rubner  and 

T 

6 

— 

— 

-32 

— 

— 

63-0 

Hetilmor(113).. 

H 

3 

Only  gruel 
Maltedgniel 

2.990 

-23 

1-0210 

0-448 

66-2 

Preund.  m.  (117) 

2 

4 

3.220 

-40 

1-7800 

0-816 

64-2 

The  results  shown  in  this  table  require  some  explanation. 

The  cases  of  Bendix,  Lange,  and  Berend  and  Freund  had  all  during 
the  period  of  the  experiment  more  or  less  diarrhoea,  and  it  is  not  remark- 
able that,  owing  to  the  increased  peristalsis,  absorption  went  on  less  satis- 
factorily. The  cases  of  Baginsky,  as  also  one  reported  by  Poppi  (122),  in 
which  18*27  to  43-81  per  cent,  of  the  nitrogen  in  the  food  was  lost  in  the 
f aaces,  may  be  explaiued  on  the  grounds  that  they  were  not  reported  with 
sufScient  care.^  The  diminished  nitrogen  absorption  in  the  experiments 
of  Buhner  and  Heubner  are  explained  by  the  fact  that  the  child  under 
observation  bad  no  milk,  but  only  cereals,  the  absorption  of  which  is, 
without  doubt,  less  complete  than  that  of  milk.  And  since  the  child 
took  this  in  relatively  small  amounts,  it  must  have  lost  weight  very 
rapidly  owing  to  the  small  intake  of  nitrogen. 

We  have  mentioned  above  that  diarrhoea  exerts  an  unfavourable 
influence  on  nitrogen  absorption.  Thus  we  see  nearly  always  a  raised 
nitrogen  excretion  in  the  stools  of  children  suffering  from  frequent 
diarrhoea.  How  far  this  is  due,  however,  to  quickened  peristalsis,  and 
how  far  to  increased  manufacture  and  outpouring  of  the  nitrogenous 
intestinal  secretion,  we  are  unable  to  decide. 


^  Heubner  (123).  moreoTer.  briefly  alludes  to  two  cases  of  marasmus  in  which  in 
three  daily  estimations  43-7  and  64*4  per  cent,  nitrogen  was  lost  in  the  evaonations. 
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The  absorption  of  nitrogen  ifi  decreased  by  the  presence  of  carbo- 
hydrates as  well  as  by  diarrhoea.  At  any  rate,  in  nearly  all  cases  in 
which  carbohydrates  (milk-sugar,  maltose,  saccharose,  cereak)  were 
added  to  the  milk  the  nitrogen  lost  in  the  faeces  was  increased.  The  canse 
of  the  bad  influence  of  carbohydrates  on  absorption  of  nitrogen,  which 
was  first  insisted  on  by  Keller,  Heubner,  and  Bendix,  though  denied  by 
Moro  and  Schlossmann  (7)  without  experimental  proof,  lies  in  the  increased 
peristalsis  due  to  fermentation  products,  the  increased  intestinal  secre- 
tion, and  the  less  complete  breaking  down  of  the  cereal  nitrogen. 

Fat  also  appears  to  influence  nitrogen  absorption  unfavourably. 
Although  there  are  at  present  no  reliable  experiments  available,  yet  it 
is  probable,  from  some  urinary  researches  which  will  be  mentioned  later, 
that  increased  quantities  of  fat  diminish  the  nitrogen  absorption ;  hence 
the  proportion  of  nitrogen  in  the  urine  sinks  under  the  influence  of 
increased  fat  intake  [Oeemy  and  Keller,  Steinitz]. 

To  briefly  recapitulate  the  conclusions  to  which  the  foregoing  statistics 
on  the  nitrogen  absorption  in  sick  children  lead,  it  appears  that  nutritional 
disturbances  interfere  with  it  but  slightly  or  not  at  all.  On  an  exclusive 
milk  diet,  and  to  a  certain  extent  also  when  carbohydrates  are  added, 
absorption  may  be  quite  good,  provided  a  sufficient  amount  of  nitrogen 
is  converted  into  the  intermediate  metabolic  products.  Li  diarrhoea  it 
sometimes  falls  considerably,  but  always  remains  high  enough  for  a 
sufficiency  of  nitrogen  to  reach  the  circulation. 

It  cannot  be  denied  that  disturbances  in  nitrogen  absorption  occur 
in  children  who  are  seriously  ill.  It  appears  especially  that  the  intestine 
of  marasmic  children  under  certain  conditions  loses  much  of  its  power 
of  absorption  [Baginsky,  Poppi,  Heubner] ;  but,  generally  speaking,  there 
is  good  absorption  from  the  intestine  in  marasmus  [Bendix,  Fieund]. 
StiU,  it  is  certainly  not  possible  to  regard  disturbances  of  the  absorptive 
power  of  the  intestine  as  the  primary  cause  of  chronic  nutritional  diseases 
and  marasmus,  as  does  Baginsky.  Marasmus  can  occur  even  with  the 
best  absorptive  powers,  and,  on  the  other  hand,  we  often  see  recovery 
and  repair  take  place  in  marasmics  whose  absorptive  power  is  below 
the  average— as,  for  example,  when  malted  foods  are  used. 


B.— FAT. 

The  amount  of  fat  in  a  normal  infant's  stool  is  apparently  very  variable. 
According  to  most  authors  [Weyscheider,  Biedert,  Uffelmann,  Ejramstyk, 
Tschemoff,  and  others],  it  amounts  to  from  9  to  35  per  cent,  of  the  dry 
substance.  Shaw  and  Gilday  (210)  find  that  4  per  cent,  in  nurslings,  and 
5  per  cent,  in  bottle-fed  infants,  of  the  fat  ingested  appears  in  the  fseces. 
The  fatty  compounds  appear  as  fatty  acids  chiefly,  but  neutral  fat  and 
soaps  are  also  present ;  the  soaps  are  increased  in  artificially-fed  children, 
and  in  infants  with  diarrhoea,  and  after  a  low  fat  intake.  In  the  cases 
first  described  by  Demme  (124) — and  called  by  Biedert  (125)  fat  diarrhoea 
— the  amount  of  fat  in  the  stools  reached  67  per  cent,  (exclusive  of  fatty 
acids  combined  as  soaps).    In  these  cases,  which  occurred  both  in  breast 


DISEASES  OP  (CHILDREN  867 

and  bottle-fed  children,  the  stools  were  greyish  and  soapy  in  appearance, 
and  a  large  proportion  of  fat  droplets  could  be  easily  seen  under  the 
microscope.  How  far,  however,  there  was  a  disturbance  of  fat  absorption 
— that  is,  how  much  of  the  fat  given  as  food  was  excreted  in  the  fseces — 
is  not  yet  determined. 

Although  normally  the  amount  of  fat  in  the  stools — ^which  Keller 
(110)  has  shown  from  the  stools  of  fasting  children  to  be  nearly  all 
derived  from  food — iB  quite  considerable,  yet  the  absorption  seems  re- 
markably good.  It  amounts  to  from  90  to  98  per  cent,  of  the  fat  given 
as  food  (126). 

Our  knowledge  of  fat  absorption  in  marasmics  and  children  with 
gastro-intestinal  disease  is  much  less  complete.  Here  we  have  only  the 
following  figures : 

Fat  Absorbed 
per  Cent. 

Bendix  (115)  59*09 

Lange  and  Berend,  I.  (114)  76-2 

Lange  and  Berend,  n.  (114)  86-5 

Rabner  and  Henbner  (a)  (113) 84*46 

Rabner  and  Heubner  (6)  (113) 56*9 

We  must  note  that  the  figures  of  Berend  and  Lange,  and  Buhner 
and  Heubner,  for  the  absorption  of  fat  are  too  high,  because  only  the  fat 
in  the  f  seces  was  estimated,  and  not  the  soaps.  This  little  table  shows, 
then,  that  in  children  suffering  from  gastro-intestinal  disease  there  is  a 
disturbance  of  fat  absorption,  which  is  of  all  the  more  importance  for 
the  pathology  of  metabolism  in  infants  in  that  it  eventually  interferes 
with  the  assimilation  of  nitrogen.  The  latter  consequence,  as  we  have 
seen,  is  of  a  secondary  character,  and  is  never  so  great  that  the  organism 
suffers  from  the  want  of  nitrogenous  material.  We  find,  even  when  the 
nitrogen  absorption  is  relatively  very  incomplete,  that  some  is  retained. 
Thus  disturbances  of  fat  digestion,  as  we  shall  see  in  dealing  with  the 
absorption  of  alkalis,  are  primarily  hurtful  to  the  organism,  owing  to  the 
circumstance  that  the  fat  exercises  an  influence  on  the  excretion  of 
mineral  matter,  and  especially  on  the  evacuation  of  fixed  alkalis  by  the 
intestine. 


C— CARBOHTDRATES. 

In  the  normal  stools  of  healthy  infants  sugar  is  either  absent,  or  only 
present  in  very  small  amount  [Wegscheider,  Uffelmann,  Blauberg].  It 
must  not,  however,  be  concluded  from  this  fact  that  sugar  is  completely 
or  almost  completely  absorbed.  According  to  our  present  knowledge  a 
certain,  by  no  means  negligible,  amount  is  decomposed  by  the  fermenting 
agencies  in  the  intestine,  and  escapes  absorption.  The  products  of  its 
decomposition  serve  to  maintain  the  acid  reaction  of  the  intestinal 
contents,  which,  for  their  part,  secure  a  normal  bacterial  growth  and 
normal  peristahds  of  the  intestine.  We  do  not  yet  know  how  far  milk- 
sugar,  the  only  carbohydrate  present  in  the  natural  diet  of  infants,  is 
absorbed,  and  our  knowledge  is  still  slighter  regarding  the  absorption  of 
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other  kinds  of  sugar,  or  of  cereal  foods  (especially)  which  have  to  be 
converted  into  sugar  before  absorption. 

The  first  experiments  undertaken  to  ascertain  the  fate  of  carbo- 
hydrates in  the  intestine  originated  with  Heubner  and  Caistens  (127, 
128).  Starting  from  the  clinical  observation  that  a  temporary  diet  of 
gruel  is  accompanied  by  remarkably  good  effects  in  infants  with  gastro- 
intestinal disorders,  the  two  authors  endeavoured  to  determine  how 
much  of  the  cereal  diet  was  absorbed.  As  they  assumed  that  all  the 
carbohydrate  given  which  could  not  be  recovered  from  the  faeces  was 
absorbed,  they  concluded  that  even  in  extremely  ill  or  moribund  infants 
the  percentage  of  absorption  was  from  90  to  100.  This  astonish- 
ing restdt  was  criticised  by  Biedert  (71),  and  in  particular  by 
Schlossmann  (14),  who  by  test-tube  experiments  was  able  to  show  that 
starch  solutions  were  broken  down  by  faecal  particles,  and  by  pure  cultures 
of  B,  coU  and  B.  kidis  aerogeneSy  so  that  it  was  incorrect  to  conclude 
that  all  starch  not  recoverable  from  the  intestine  was  absorbed.  Heubner 
(129),  however,  criticised  Schlossmann's  restdts,  on  the  ground  that  he 
had  created  experimental  conditions  which  did  not  exist  in  the  actual 
contents  of  the  intestine,  and  that  the  part  played  by  the  intestinal 
bacteria  in  decomposing  the  ingesta  was  but  slight.  It  must,  however, 
be  allowed  that  the  influence  of  the  fermentative  bacteria,  which  Heubner 
and  Caistens  did  not  take  into  account,  ought  certainly  not  to  be  over- 
looked, as  the  following  investigations  by  Hedenius  (61)  show.  Hedenius 
also  turned  his  attention  to  the  fate  of  cereal  foods  in  the  gastro- 
intestinal canal  of  sick  infants.  He  fed  these  infants  with  milk  mixed 
with  wheat  flour,  oaten  gruel,  a  decoction  of  biscuit,  and  also  with 
Keller's  malt  extract,  and  measured  the  amount  of  carbohydrate  ingested, 
the  amount  in  the  stools,  and  their  acidity.  He  found  that  when  simple 
gruels  were  used,  less  carbohydrate  was  always  found  in  the  stools  than 
with  complicated  mixtures  (malt  extract  and  biscuit),  and  that  in  the 
former  case  the  acidity  of  the  faeces  was  also  less.  Hedenius  never  found 
more  than  8  per  cent,  of  the  ingested  carbohydrate  in  any  case,  and  it 
was  only  the  slightly  variable  acidity  of  the  faeces  which  indicated  a 
variation  in  the  carbohydrate  absorption. 

In  concluding  the  discussion  of  the  absorption  of  sugar  in  the  infant's 
intestine,  we  will  briefly  consider  the  form  in  which  it  enters  the  circulation. 
We  know  that  a  ferment  is  secreted  in  the  wall  of  the  intestine  which 
changes  milk-sugar  before  its  absorption  into  dextrose  and  galactose — 
namely,  lactase.  This  ferment  was  detected  by  Pautz  and  Vogel  (129a) 
and  by  Orban  (130)  in  the  intestines  of  new-bom  infants,  and  the  latter 
also  found  it  in  the  faeces  of  healthy  infants.  Orban  observed  the  dis- 
appearance of  lactase  in  children  with  severe  gastro-intestinal  disorders. 
We  know  from  numerous  observations  [e.^.,  F.  Voit  (130a)]  that  when 
milk-sugar  passes  directly  into  the  circulation  it  may  be  completely 
recovered  in  the  urine ;  it  would  be  reasonable  to  suppose  that  when, 
owing  to  the  want  of  lactose-splitting  ferment,  milk-sugar  was  absorbed 
unchanged,  a  lactosuria  would  be  set  up.  This  view  has  received  support 
from  an  observation  made  by  Grosz  (131),  who,  though  never  able  to 
detect  milk-sugar  in  the  urine  of  healthy  infants,  found  it  in  the  urine  of 
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ihofle  suffering  from  gastro-inteBtinal  oomplaints,  in  which  probably 
there  was  an  absence  of  lactase  in  the  intestine.  But  the  matter  is  not 
really  so  simple.  Langstein  and  Steinitz  (131a),  who  repeated  Orban 
and  Grosz's  experiments,  found  lactase  in  the  stools  of  infants  even  when 
sugar  was  being  excreted  in  the  urine.  Moreover,  this  sugar  was  shown 
by  the  fermentation  test,  the  mucinic  acid  test  and  the  phenylhydrazin 
test  to  be  not  in  all  cases  lactose,  but  sometimes  galactose.  To  explain 
the  lactosuria  when  lactase  was  present  in  the  intestine,  Langstein  and 
Steinitz  suppose  that  in  children  with  gastro-intestinal  disease  some 
disproportion  exists  between  the  action  of  the  lactase,  which  is  always 
present  in  the  intestine,  and  the  amount  of  lactose  awaiting  absorption ; 
or  that  some  milk-sugar,  through  functional  or  anatomical  lesion  of  the 
wall  of  the  gut,  passes  through  before  it  is  completely  broken  up,  and  is 
excreted  in  the  urine  as  an  intermediate  metabolic  product.  But  in  very 
severe  cases  galactose,  a  product  of  the  decomposition  of  milk-sugar,  is 
also  excreted  in  the  urine,  which  appears,  according  to  the  researches 
of  Hofmeister  (131b)  and  Luzzatto  (131o),  to  be  especially  difficult  to 
oxidize. 


D.— MINERAL  MATTEIL 

Investigations  as  to  the  absorption  of  mineral  matter  have  not  the 
same  importance  for  metabolism  as  those  on  the  combustible  foods.  The 
reason  is  that  the  intestine  is  not  only  the  place  of  absorption  for  a  certain 
portion  of  the  mineral  substances,  such  as  lime,  magnesia,  and  partly, 
too,  of  the  alkalis,  but  also  the  place  of  their  excretion  ;  so  that  analysis 
of  the  faBoes  gives  no  information  as  to  whether  the  salts  present  arise 
directly  from  the  food,  or  have  already  taken  part  in  the  metabolism 
of  the  body.  We  need  not,  therefore,  quote  the  few  existing  experiments 
on  the  metabolism  of  mineral  matter  in  healthy  [Michel,  Michel  and 
Ferret,  Rubner  and  Heubner,  Blauberg]  and  in  sick  children  [Buhner 
and  Heubner] ;  nor  need  we  avail  ourselves  of  the  elaborate,  but  some- 
what barren,  investigations  of  Blauberg  (121,  133)  on  the  absorption  of 
certain  constituents  of  ash,  seeing  that  no  conclusions — ^as  Blauberg 
himself  admits — can  be  drawn  therefrom.  Here,  then,  we  shall  record 
certain  researches  only  on  the  absorption  of  mineral  matter,  which  were 
instituted,  not  on  specially  selected  children,  but  in  order  to  elucidate 
particular  questions  under  various  experimental  conditions.  These 
are  nearly  all  connected  with  children  suffering  from  gastro-intestinal 
diseases. 

1.  Caldam. 

The  question  of  the  absorption  of  Ume  in  the  infant's  intestine  is 
interesting  owing  to  its  relation  with  the  etiology  of  rickets.  Ever 
since  Soldner  (134)  showed  that  cooking  milk  converts  the  soluble  into 
insoluble  lime  salts,  and  that  these  latter  are  not  only  useless  for  rennet 
coagulation,  but  also  not  suitable  for  absorption,  sterilization  of  milk 
has  been  suspected  of  favouring  decreased  lime  absorption  and  a  conse- 
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quent  occurrence  of  rickets.  Without  discussing  the  correctness  of  these 
views,  we  will  merely  quote  certain  observations  concerning  the  differ- 
ence in  absorption  in  fresh  and  uncooked  milk.  According  to  Fritz 
Voit's  (136)  experiment^  which  have  been  frequently  confirmed,  lime 
is  not  only  absorbed,  but  also  excreted  in  the  intestine ;  it  is,  therefore, 
hardly  possible  to  calculate  the  amount  of  lime  absorbed  into  the  circu- 
lation. We  shall  quote  here  the  figures  derived  from  the  percentage  of 
lime  in  the  urine,  the  variations  in  which  either  exactly,  or  almost  exactly, 
correspond  to  the  varying  amounts  absorbed. 

Amdt  (136),  and  Cronheim  and  Miiller  (137),  have  investigated  the 
metabolism  of  lime  on  a  diet  of  fresh  and  boiled  milk.  Only  one  ex- 
periment can  be  quoted  from  the  former,  as  in  this  one  alone  were  the 
experimental  conditions  exactly  similar  in  both  series. 


.§•1 

|| 

CaO. 

Author. 

« 

Age. 

Food. 

FVMd. 

ABoai. 

AbBorp. 

tton 
percent. 

Ution 
percent. 

Months. 

Diiys. 

Gm. 

Om. 

Amdt  (a) 

H 

4 

Malted  food 

(bofled  goat's 

mill) 

0-6116 

0-1S62 

69-7 

66-73 

Amdt  (6) 

H 

4 

Malted  food 

0-74S0 

0-36S1 

50-7 

48-16 

Cronheim  and  MuUer  (a) 

6 

4 

Three- 
quarters  milk 
+  milk-sugar 
(boiled! 
Same  raw 
Same  cooked 
Same  raw 

1-2760 

M910 

6-69 

6-76 

Cronheim  and  MnUer  (h) 
Cronheim  and  Miiller  (a) 
Cronheim  and  Muller  (6) 

6 

4 
4 

4 
4 
4 

1-2730 
1-3620 
1-3610 

1004 
0-918 
0*923 

1412 
32-12 
31*66 

13-33 

30-87 
30-46 

The  table  indicates  that  there  is  no  appreciable  difference  between 
the  absorption  and  retention  of  lime  (or  of  magnesia)  on  a  diet  of  fresh 
or  sterilized  milk.  Cronheim  and  Miiller,  as  a  result  of  these  researches, 
are  against  the  use  of  sterilized  milk,  because  the  boiling  has  an  un- 
favourable influence  on  the  breaking  down  of  lime ;  but  this  is  not  to 
the  point.  From  these  figures  an  exactly  opposite  conclusion  might 
equally  well  be  drawn. 


2.  Alkalis. 

On  the  absorption  of  alkalis  in  healthy  children,  naturally  and  arti- 
ficially fed,  Blauberg's  (132,  133)  researches  are  pre-eminent ;  but  our 
knowledge  of  the  part  played  by  alkalis  in  the  intestine  of  children 
with  gastro-intestinal  affections  is  based  on  a  single  series  of  experiments 
by  Steinitz  (138).  This  is  concerned  with  the  influence  excreted  by  the 
fat  in  milk  on  the  amount  of  alkalis  excreted  by  the  intestine. 

Keller  (139)  has  established  an  increased  excretion  of  NH,  in  the 
urine  in  infants  with  gastro-intestinal  diseases  so  completely  dependent 
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upon  alimentaiy  conditioiiB  that  it  always  accompanies  an  increase 
of  fat  in  the  diet.  He  has  also  shown  (63)  that  any  deficient  conversion 
of  ammonium  salts  and  other  nitrogenous  products  of  protein  digestion  into 
urea  could  be  excluded.  We  are,  therefore,  compelled  to  regard  increased 
ammonia  excretion  by  the  kidneys  as  the  expression  of  an  acidosis, 
and  to  take  the  ammonia  as  an  index  of  the  acidity.  We  shall  deal 
with  this  condition  of  acidosis  later.  Here  we  are  concerned  solely 
with  the  discussion  of  the  intestinal  processes  which  co-operate  in  its 
production.  The  amount  of  NH3  excretion,  which  is  the  index  of  acidosis, 
depends  to  a  certain  extent  on  the  alkalinity  of  the  tissues  as  a  whole  ; 
that  is  to  say,  in  so  far  as,  under  conditions  of  diminished  supply,  every 
factor  which  withdraws  alkalis  from  the  general  circulation  in  any  form 
produces  an  increased  NH,  excretion.  Now,  in  milk  diet  there  is  a  very 
small  supply  of  alkali ;  we  see,  therefore,  that  an  increased  alkali  excre- 
tion by  the  intestine,  howsoever  produced,  occasions  a  decrease  in  the 
alkalinity  of  the  body  and  an  increase  in  the  NH,  in  the  urine. 

Steinitz  was  able  to  show  that  the  increased  NH,  excretion  on  a 
milk  diet  rich  in  fat  was  a  consequence  of  the  removal  of  alkali  via  the 
intestine.    The  following  figures  are  taken  bom,  his  experiments  : 


Experimeat  I.  (a) . . 
(6).. 

Experiment  II.  (a) 
W 
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Om. 
1*359 
1-293 

1-133 

1008 

1107 
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Abtorp- 

tion 
per  Cent 


Om. 
0-337 
0-707 


76-2 
42-5 


0-2055    76-6 
0-8013    20-5 


0-582 
1-62 


47-5 


Lime 
in 

Fceeea. 


Qm. 
0-466 
0-413 

0-355 
0-412 

0-387 
0-216 


III 


3-8 

7-7 

4-9 
14-5 

8-2 
14-3 


Raising  the  supply  of  fat  increased  the  excretion  of  fixed  alkali  by  the 
intestine  (the  increased  excretion  mainly  concerned  the  sodium).  It  is 
not  yet  known  in  what  manner  the  fat  causes  a  loss  of  alkali  through  the 
bowel  in  infants.  It  is  possible  that  the  alkali  is  excreted  as  a  potash 
or  sodium  soap.  Keller  (140),  who  investigated  the  influence  of  fat  on 
the  8eparati(Hi  of  soaps  in  the  stools  of  infants  suffering  from  gastro- 
intestinal disease,  could  not  answer  this  question,  owing  to  the  way  he 
arranged  his  experiments.  On  the  other  hand,  Freund's  (I40a)  observa- 
tions make  it  probable  that,  under  the  influence  of  fat,  there  is  an  increase 
in  the  soaps — or,  at  any  rate,  in  the  calcium  soaps — ^in  the  stools.  The 
total  excretion  of  lime  was  not  increased  by  the  ingestion  of  fat,  either 
in  Freund's  or  in  Steinitz's  experiments;  but  the  circumstances  were 
altered  so  that  a  part  of  the  lime,  instead  of  being  excreted  as  calcium 
phosphate,  which  occurs  when  the  diet  is  poor  in  fat,  was  used  up  for 
the  formation  of  soap,  and  the  insoluble  soap  in  the  stools  was  increased. 
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3.  Chlorides. 

Our  knowledge  of  the  absorption  of  chlorides  in  the  infant's  intestine 
is  limited  to  Freund's  (116)  experiments.  He  found  that  the  more 
watery  the  stools,  the  less  chloride  was  absorbed.  His  explanation 
of  this  fact  was  that  in  diarrhoea  a  salt  solution  rich  in  sodium,  and  not 
mere  water,  is  poured  out  into  the  bowel.  According  to  this  author,  a 
diet  of  fat-rich  milk  increases  the  amount  of  chlorides  in  the  faeces. 


4.  Phosphoms. 

The  question  of  phosphorus  absorption  may  be  considered  in  connec- 
tion with  the  absorption  of  inorganic  materials,  although  a  considerable 
part  of  the  phosphorus  exists  in  food  in  organic  form,  and  is  excreted 
as  such  in  the  faeces.  This  portion  of  the  phosphorus  excreted  in  the 
stools  has  been  invested  with  special  importance  by  Knopfelmacher  (141). 
This  author  started  with  the  idea  of  estimating  the  amount  of  residue 
left  by  the  digestion  of  casein  by  the  amount  of  organic  phosphorus  in 
the  faeces.  As  he  found  the  ratio  N  :  organic  P  in  stools  from  mother's 
milk  and  in  meconium  much  greater  than  in  stools  from  cow's  milk, 
he  thought  he  had  shown  that  the  casein  of  human  milk  was  com- 
pletely digested,  whereas  the  casein  of  cow's  milk  left  behind  a  residue 
rich  in  phosphorus.  More  recent  researches  by  Miiller  (142)  and 
Knopfelmacher  (143)  himself  showed  that  this  conclusion,  which  was 
based  on  faulty  experimental  technique,  was  erroneous.  It  appears 
that  the  ratio  of  N :  organic  P  is  exactly  the  same  in  natural  and  arti- 
ficially fed  children — at  any  rate,  during  health.  As  to  sick  children, 
there  is  no  experimental  evidence. 

The  total  absorption  of  phosphorus  varies  within  wide  limits  both 
in  healthy  [Michel,  Michel  and  Perret,  Keller,  Blauberg,  Schlossmann 
(143a)]  and  in  sick  children  [Keller,  Freund,  Blauberg,  Schlossmann]. 
In  general,  it  is  better  in  healthy  than  in  sick  children,  in  whom  it  is 
occasionally  extraordinarily  low  [Blauberg].  Whether  in  these  oases 
there  is  really  a  poor  absorption  of  the  organic  phosphorus  in  the 
food,  or  an  increased  excretion  of  phosphates  into  the  intestine,  or  a 
decreased  absorption  of  inorganic  phosphorus,  is  unknown,  as  also  are 
the  conditions  on  which  phosphorus  depends  for  its  absorption.  The 
amount  of  phosphorus  furnished  by  the  intestinal  secretions  plays  an 
important  part,  and  no  doubt,  under  pathological  conditions,  can  cause  a 
not  inconsiderable  increase. 


Aiahar. 

Food. 

N:P/>,. 

Fbod. 

Fmm. 

Michel,! 

KeUer,  IV 

Michel  and  Perret . . 
KeUer.  IX. 

Blauberg 

Freund,  m 

Woman's  milk 
$t         ft 

Cow's  milk 

Diluted  cow's  milk+ milk-sugar 

BAaltedfood 

;^' 6-10:1 
5-90:1 

S6-30:l 
2-40:1 

i  2-90 :  1 

"^2-76 :  1 

3-80:1 
4-20:1 
2-40:  1 
0-33:1 
1-00:1 
1-60:1 

DISEASES  OP  CHILDREN  863 

In  all  cases  the  residue  of  phosphorus  in  the  fseces  is  greater  than 
the  nitrogen  ;  it  follows  that  the  ratio  of  nitrogen  to  phosphorus  is  always 
smaller  than  in  the  food,  both  in  naturally  and  artificially  fed  children, 
and  in  conditions  of  both  sickness  and  health.  According  to  Knopfel- 
macher  and  Hiiller's  experiments,  we  may  assume  that  this  surplus  of 
phosphorus  in  the  fseces  originates  in  inorganic,  and  not  in  organic, 
compounds  of  phosphorus. 

Tunnicliffe,  in  a  recent  review  on  the  subject,  comes  to  the  following 
conclusions,  as  the  result  of  careful  metabolism  experiments  on  two 
healthy  children,  aged  two  years  and  two  years  and  ten  months.  In 
a  healthy  child,  the  inorganic  phosphates  (calcium  phosphate)  are  not 
retained,  and  do  not  influence  nitrogenous  metabolism  when  added  to 
food,  whereas  organic  phosphorus  (sodium  glycero-phosphate  of  casein) 
is  practically  entirely  assimilated,  and  also  increases  the  amount  of 
nitrogen  retained  in  the  body.  Clerc  and  Cook  have  shown  that  the 
addition  of  inorganic  phosphorus  to  a  diet  poor  in  that  element  results 
in  a  negative  phosphorus  and  nitrogen  balance.  Organic  phosphorus 
causes  increased  nitrogen  metabolism,  and  raises  the  phosphorus  and 
nitrogen  retention.  When  the  diet  oontcuns  the  normal  amount  of 
phosphorus,  no  increased  nitrogen  retention  follows  the  administration 
of  organic  or  inorganic  forms,  but  addition  of  large  amounts  of  the  former 
is  not  followed  by  its  increase  in  the  urine. 


IV.— PATE  OP  THE  POOD-STDPPS  OUTSIDE  THE  INTESTINAL 

TRACT. 

The  fate  of  the  food-stuffs  which  have  been  absorbed  into  the  general 
circulation  reveals  one  of  the  principal  differences  between  the  healthy 
adult  and  the  child.  Whereas  the  former,  in  a  condition  of  metabolic 
equilibrium,  only  uses  the  ingested  food-stuffs  to  replace  used-up  and 
dead  cells,  to  furnish  secretions  and  to  produce  heat,  the  young  organism, 
is  always  producing  new  cells  and  growing.  And  it  is  not  only  the 
healthy  child  in  normal  surroundings  that  has  the  power  of  assimilating 
the  materials  it  ingests,  and  of  using  them  for  the  building  up  of  the 
tissues :  children  suffering  from  gastro-intestinal  diseases,  and  even 
marasmics,  manage  to  grow  to  a  limited  extent,  even  when  the  weight 
remains  for  a  time  the  same,  or  actually  decreases. 

A  discussion,  therefore,  of  the  intermediate  metabolic  processes  in 
children  must  be  divided  into  two  sections,  one  being  devoted  to  the 
increase  in  size  and  growth,  and  the  other  concerned  with  the  destructive 
or  retrogressive  changes  in  the  food-stuffs. 
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A.— ASSnmJkTION. 
1.  Protein. 

Our  knowledge  of  the  assimilation  of  protein  in  healthy  infants  is 
obtained  from  the  coUective  data  of  Ozemy  and  Keller.^  Li  all  their 
cases  there  was  a  considerable  assimilation  of  nitrogen.  This,  in  the 
case  of  the  young  breast-fed  child,  amounted  to  more  than  76  per  cent, 
of  the  ingested  nitrogen,  and  in  one  case  (Michel,  II.)  reached  almost 
90  per  cent.  In  artificially  fed  children  the  assimilation,  expressed  in 
percentage  of  the  ingested  nitrogen,  is  not  so  high — ^partly,  at  any  rate, 
due  to  the  fact  that  the  proportion  of  nitrogen  in  the  food  is  much  greater. 
In  absolute  figures  the  assimilation  in  children  fed  with  cow's  milk  is 
equal  to  that  found  in  breast-fed  infants. 

We  must  note  here  that  the  figures  for  the  nitrogen  balance  obtained 
by  most  authors  make  no  approach  to  absolute  accuracy.  For,  with 
the  exception  of  Buhner  and  Heubner  (111,  113),  who  estimated  in  their 
experiments  the  nitrogen  lost  by  the  sweat,  no  authors  have  taken  into 
consideration  the  excretion  of  nitrogen  by  the  sweat,  hair,  epidermis, 
and  saliva ;  and  this  is  also  true  for  the  investigations  with  sick  children 
to  be  discussed  later. 

If  we  turn  to  the  results  obtained  from  investigations  of  the  meta- 
bolism of  sick  children,  it  appears  that  in  most  of  these  assimilation  of 
nitrogen  goes  on.  We  know  of  but  few  experiments  in  which  the  nitro- 
genous equilibrium  is  negative. 


Author. 


KeUer,  UIa.  (119) 

Rubner  and 

Heabner  (113) 
Baginsky,  n.  (121) 

Fieund  (117) 


Age. 


Months. 
9 

21 


Days. 
5 

3 

6 

6 


Food. 


One-half 

milk 

Malted 

meal 

Milk+ 

gruel 

One-half 

milk 


1  ^i 


:§" 


Om.    I  Om. 
3,960-48 

2,990   -23 


3,380 


-32 


Nitrogen  Content — 


Food.    I  Urine. 


Om.     j     Om. 
1-2454  '  1-7008 


10210 


11400 


0-882 


1*026 


Fncas. 


Om. 
0-0646 

0-448 


0-248 


I 


Om. 
-  0-640 

-0-309 

-1-640 

-0-134 


These  figures  require  no  further  commentary,  as  it  is  easily  understood, 
a  priori,  that  with  loss  of  body-weight  must  go  a  disappearance  of  protein 
and  an  increased  excretion  of  nitrogen.  But  in  these  investigations 
even  the  circumstances  are  not  so  simple  that  we  can  say  that  the 
decrease  of  body- weight  can  be  estimated  from  the  loss  of  nitrogen.  Thus, 
in  Baginsky's  case,  we  have  just  the  same  changes  in  weight  as  in  Freund's, 
but  the  loss  of  nitrogen  is  twelve  times  greater.     The  assimilation  of 

^  Osemy  and  Keller  (2). 
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nitrogen  in  healthy  children  is  generally  proportionate  to  the  body- 
weight  ;  in  pathological  cases,  however,  as  we  shall  see  when  discussing 
the  assimilation  of  water,  it  is  absolutely  no  index  of  normal  growth. 

A  negative  balance  we  only  find  in  the  most  exceptional  cases ;  in 
nearly  all  the  cases  recorded  hitherto  assimilation  of  nitrogen  can  be 
shown  whether  the  body- weight  is  rising  or  falling. 

The  first  alternative  we  need  not  stop  to  discuss.  It  is  clear  that 
sick  children,  and  more  especially  those  with  chronic  illnesses,  may  put 
on  protein,  together  with  all  other  materials  essential  to  growth,  if 
they  become  convalescent  during  the  period  under  observation,  of  which 
condition  a  rise  in  weight  is  a  specially  unmistakable  indication.  Here 
belong  a  series  of  experiments  by  KeUer  and  by  Freund,  and  also  one 
observation  by  Bendix,  and  one  by  Lange  and  Berend. 

In  some  of  these  experiments  there  is  no  want  of  correspondence 
between  the  increase  in  body-weight  as  actually  observed  and  that 
calculated  from  the  amount  of  nitrogen  assimilated. 

But  the  explanation  of  the  second  alternative,  of  which  we  have  a 
whole  series  of  examples,  is  more  complicated;  in  these  we  have  no 
inconsiderable  assimilation  of  nitrogen,  though  the  weight  remains 
stationary  or  falls. 

To  quote  some  examples  : 

As  the  following  table  shows,  in  a  series  of  experiments  the  weight 
remained  constant,  or  there  was  considerable  fall,  though  nitrogen  was 
being  assimilated.  How  can  this  want  of  correspondence  between 
assimilation  and  body- weight  be  explained  ?  In  the  present  position  of 
our  knowledge  we  rightly  refer  the  assimilation  of  nitrogen  in  a  growing 
organism  to  growth  and  the  building  up  of  new  ceUs.  It  appears,  there- 
fore, that  all  these  children  are  actually  putting  on  protein — a  fact 
which  is  supported  by  Camerer's  observation  that  children,  in  spite  of 
wasting  and  atrophy,  nevertheless  grow  noticeably  in  height. 


Tl 

1 
.  w  i    ^i      NiiiroQtn  Conteni— 

!j 

A^hor. 

Age, 

i 

Food. 

II 

f  oocL 

Urloe. 

PiaoM. 

Months. 

DiiTi. 

Om. 

Om. 

Om. 

Gm. 

Om. 

Om. 

Keller.  V.  (110) 

2* 

6 

Mother's 
milk 

3.190 

-220 

M32 

0-6937 

0-1707 

+0-2676 

KeUer,  m. 

H 

5 

One-half 

3.960  -12-5 

20500 

1-6066 

0-2752 

+0-1692 

(110) 

cow's  milk 

1 

Rulmer  and 

3i 

4 

DUated 

2.936    -10 

21080 

0-7560 

0-3860 

+0-9660 

Henbner  (113) 

milk+ 

milk-sugar 

1 

Bendix  (116) 

4 

6 

Two.  thirds 

milk+ 
milk-sugar 

3.830 

—     ,3-4240 

1 

1-7140 

0-9600 

+0-7600 

Lange  and  Be- 

6 

6 

Ditto 

6.006 

-310 

4-6720 

2-8452 

0-9428 

+0-8840 

i«od.U.(114) 

Freund,  m. 

2 

4 

Malted 

3.220 

-40-0 

1-7800  0-4870 

0-8160 

+0-4770 

(117) 

food 

KeUer  (120) 

8 

6 

Ditto 

6.370 

-40-0 

2-3443  1-4963 

0-4310 

+0-4170 
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Li  this  case,  however,  the  lofls  of  body- weight  may  be  merely  dae 
to  simultaneouB  loss  of  fat  or  water.  We  must,  indeed,  aasume  that 
in  a  large  number  of  cases  a  child  suffering  from  gastro-intestinal  diseases, 
when  assimilating  protein  and  building  up  cells,  in  spite  of  a  stationary 
or  falling  body-weight  and  a  failure  to  thrive,  must  be  losing  other 
material,  and  especially  fat.  Li  this  manner  the  child  becomes  poor 
in  fat,  but  otherwise  maintains  his  percentage  compositicHi,  so  that 
we  can  understand  why  the  chemical  analysis  of  the  body  after  death 
shows  the  same  ratio  between  nitrogenous  material  and  the  content 
in  water  and  ash.  We  must,  of  course,  not  conclude  that  in  sick  children 
an  increase  in  nitrogen  may  take  place  which  would  change  the  compo- 
sition of  the  organism.  Variations  in  the  amount  of  water  in  children 
with  gastro-intestinal  diseases  have  been  definitely  established  by 
Freund's  (117)  experiments. 

The  question  of  the  influence  of  carbohydrates  on  the  assimilation 
of  protein  demands  special  attention.  It  is  a  priori  to  be  expected  that 
the  influence  would  be  the  same  as  in  adults  and  animals,  but  in  view 
of  the  important  part  which  carbohydrates  play  in  the  nutrition  of 
children  suffering  from  gastro-intestinal  disease,  in  that  they  enable 
fat  and  protein  to  be  retained  to  a  much  greater  extent,  we  must  con- 
sider this  point  in  further  detail. 

Exact  metaboUsm  experiments  on  this  point  in  children  with  chronic 
gastro-intestinal  disease  have  only  been  made  by  Keller  (119).  We  will 
quote  the  result  of  one  of  his  four  series  of  experiments,  which  all  agreed 
in  showing  that  the  influence  of  maltose  on  nitrogen  metabolism  was  to 
increase  the  assimilation  of  that  element. 
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NUngen 
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Qbcl 
-20 

+  0 

Om. 
1-2782 

0-8707 

Gm. 
1-0717 

0-6290 

Om. 
0-1980 

01305 

00066 
0-1108 

0-7 
12-7 

The  child  in  this  experiment  during  the  time  that  it  was  taking 
malt  put  on  12-7  per  cent,  of  the  ingested  nitrogen,  in  spite  of  the  fact 
that  the  amount  of  nitrogen  in  the  diet  was  only  two-thirds  of  that  in 
the  first  period ;  when  on  milk  alone,  it  merely  remained  in  nitrogenous 
equilibrium. 

Of  the  action  of  other  carbohydrates  on  nitrogenous  metabolism  we 
have  no  experimental  evidence,  but  we  know  from  clinical  experience 
that  maltose  occupies  a  special  position  for  infants ;  and  we  may  there- 
fore, perhaps,  conclude  that  cereals  and  other  forms  of  sugar  do  not 
exercise  the  same  protein-saving  action  as  does  this  one. 
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2.  Mineral  Hatter. 

On  the  asaimilatioii  of  mineral  matter  in  the  infant  our  remarks  will 
be  brief,  as  our  knowledge  of  both  its  physiological  and  pathological 
significance  is  equally  incomplete. 

In  healthy  children,  the  assimilation  of  mineral  matter  in  general 
is  good  [Michel,  Michel  and  Ferret,  Bubner  and  Heubner],  and  it  is  also 
well  retained  by  those  suffering  from  gastro-intestinal  diseases.  In  the 
few  experiments  dealing  with  this  matter,  which  show  both  the  nitro- 
genous and  the  mineral  equilibrium,  we  see  that  both  vary  concomi- 
tantly. 

If  these  results  are  confirmed  by  further  researches,  it  will  form  an 
additional  indication  of  the  fact  that  assimilation  really  means  the 
building  up  of  new  cells,  since  it  takes  place  in  those  proportions,  both  of 
nitrogen  and  mineral  matter,  which  we  have  learnt  from  analysis  obtain 
in  the  bodies  of  new-bom  children  and  those  with  gastro-intestinal 
diseases. 


AfOior. 

Case. 

Food, 

'NiifX)gen 
Baianee, 

Mineral 

Matter 

Baianee. 

Heubner  and  Ruboarl 
BUnberg      . .         . .  / 

Atrophio 
ohUd 

Diluted  mak+milk-BUgar 
and  malted  meal 

Qm. 
/+ 0-928 
\ -0-347 

Qm. 

+o-e34 

-0-399 

With  regard  to  the  retention  of  the  various  mineral  substances,  as 
yet  too  little  is  known  to  make  any  conclusions  permissible.  On  the 
assimilation  of  phosphorus,  there  are  only  Killer's  (110)  experiments, 
in  which  it  is  shown  that  even  children  with  gastro-intestinal  disease 
assimilate  phosphorus.  Sick  children  assimilate  phosphorus  better  when 
fed  on  the  breast.  The  assimilation  of  lime  is  dealt  with  in  the  section 
on  absorption. 

We  shall  deal  with  assimilation  of  chlorides  in  connection  with  that 
of  water. 

The  assimilation  of  alkali  has  hitherto  only  been  investigated  by 
SteinitE  (138).  He  found  that,  under  the  influence  of  a  diet  rich  in  fat, 
not  only  was  the  evacuation  of  alkali  by  the  intestine  increased,  but  in 
all  three  experiments  on  this  point  the  total  balance-sheet  for  alkali 
showed  a  loss  when  cream  was  given  in  the  diet.  He  concluded  that  a 
diet  of  milk  rich  in  fat,  among  other  things,  exercised  a  deleterious  influ- 
ence on  the  metabolism  of  infants  suffering  from  gastro-intestinal  diseases, 
so  that  a  loss  of  alkali  was  set  up,  and  that  this  prevented  the  normal 
growth  of  the  organism,  as,  according  to  Steinitz,  an  increase  in  body- 
substance  is  impossible  without  a  simultaneous  increase  of  all  substances 
appertaining  thereto,  including,  of  course,  the  alkalis. 

Stoltzner's  cases  led  him  to  consider  that  tetany  was  associated  with 
a  calcium-poisoning.  He  found  a  *'  stasis  *'  in  the  calcium  circulation, 
and  viewed  the  good  results  following  phosphorus  therapy  in  rachitio 
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children  as  due  to  the  favourable  influence  on  the  rickety  process,  and 
the  improvement  in  the  calcium  circulation.  Cybulski  observed  a  low 
retention  of  calcium  in  the  eclamptic  stage,  and  a  gradually  increased 
retention  in  the  convalescent  period.  He  therefore  attributes  the  tetany 
to  the  poverty  of  calcium  in  the  central  nervous  system  (216). 

Wtirtz  states  that  iron  preparations  are  necessary  when  mixed  food 
is  given,  and  that  bioferrin  exerts  good  influence  on  the  appetite,  Hb, 
and  general  condition  in  the  '*  alimentary  ansBmia  "  of  children  (217). 

The  iron  of  human  milk  is  absorbed  much  better  than  that  of  goat's 
milk.  The  iron  in  boiled  milk  is  absorbed  better  than  that  of  raw  milk. 
The  high  percentage  absorption  of  the  iron  in  human  milk  compensates 
for  the  slight  amount  of  iron  present  in  ordinary  foods.  The  natural 
combinations  of  iron  which  occur  in  yolk  of  egg,  spinach,  etc.,  are  much 
better  absorbed  by  children  than  are  the  artiflcial  iron  preparations 
(ferratin,  etc.)  (218). 

3.  Water. 

Full  estimations  of  the  equilibrium  for  water  in  infants  have  not  yet 
been  made.  Buhner  and  Heubner  (111,  113)  estimated  as  exactly  as 
possible  the  loss  of  water  through  the  lungs  and  skin  of  two  healthy  infants 
and  one  marasmic.  Their  figures,  however,  are  not  sufficient  to  con- 
struct a  balance-sheet  for  water.  Camerer  (144)  reports  some  valuable 
and  accurate  figures  on  water  assimilation,  by  which  it  appears  that  almost 
60  per  cent,  of  the  daily  increase  in  size  consists  of  water.  The  ratio, 
moreover,  between  the  nitrogen,  mineral  matter,  and  water  put  on  must 
be  constant. 

Our  knowledge  of  the  assimilation  of  water  in  children  suffering  from 
gastro-intestinal  diseases  is  also  small.  Freund's  (117)  investigations 
have  yielded  the  most  important  results.  They  consist  of  clinical 
observations  and  experimental  researches  upon  the  salt  metabolism  of 
infants  with  gastro-intestinal  diseases.  Freund  thought  it  possible  to 
calculate  from  this  the  water  metabolism,  because  variations  in  the 
proportion  of  water  could  only  occur  correspondingly  with  variations  in 
the  proportion  of  salts.  It  is  the  isotonic  tissue  fiuids,  however,  which 
are  concerned  with  the  gain  and  loss  of  body-weight.  Salt  metabolism, 
in  a  certain  limited  sense,  may  be  taken  as  an  index  of  water  metabolism. 
The  salts  in  question  are  the  chlorides  and  probably  the  alkalis. 

Freund  obs^ved  that  when  good  nitrogenous  assimilation  was 
unaccompanied  by  an  increase  in  body-weight,  there  was  a  retention  of 
chlorides.  In  the  same  way,  there  was  considerable  assimilation  of 
chlorides  when,  with  an  unusually  large  increase  in  weight,  only  a  slight 
assimilation  of  nitrogen  could  be  shown.  Here  a  similar  want  of  cor- 
respondence existed  between  the  increase  in  body-weight  and  the  pro- 
tein consumption,  the  former  being  in  excess  of  the  latter. 

Both  these  processes,  which  are  illustrated  in  the  following  table,  can 
only  be  explained  by  water  assimilation.  In  the  first  cases  (with  com- 
paratively excessive  nitrogen  assimilation)  water  only  slightly  replaces 
the  lost  fat,  for  the  ratio  of  the  assimilated  chlorine  to  nitrogen  is  greater 
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than  in  breast-fed  children,  but  still  relatively  small.  In  the  other 
cases  (with  comparatively  small  nitrogen  assimilation)  water  replaces 
the  fat,  for  the  ratio  of  chlorine  to  nitrogen  is  large,  even  exceeding  miity. 


Avthar. 

DaUy 

Increase 

in  Weight. 

Caleu- 

laUd 

Proiein 

Increase, 

Baiio 
between 
the  Two. 

Daily 
Nitrogen 
Retention. 

DaUy 
NaCL 
ReUn- 
tion. 

Ratio 
bet/ween 
the  Two 

(N^l), 

Michel  (109),  IV 

Freund  (116),  ra.  (c) 
Freund  (116).  IH.  (a) 
Fround  and  Kieisel  (116)  (6) 
Freand  and  Gunther  (117)  (a) 

Gm. 
+  2900 
+  1700 
+   8-60 
+  86-70 
+  66-25 

Gm. 
+  32-50 
+  31-00 
+  17-00 
+ 19-67 
+  1408 

11100 
1-8200 
2-0000 
0-2268 
0-2125 

Gm. 
+  1084 
+ 1-032 

0-678 
+  0-659 

0-472 

Gm. 
+  0-207 
-0-320 
+  0-217 
+  0-322 
+  0-772 

0190 
0-224 
0-375 
0-489 
1-636 

Frennd's  hypothesis  that  every  abnormal  increase  in  water  (that  is, 
one  which  does  not  correspond  with  the  estimated  protein  increase) 
is  accompanied  by  retention  of  chlorides  points  to  the  chloride 
metabolism  as  an  indicator  for  the  water  exchanges.  But  the  hypo- 
thesis is  not  applicable  to  all  cases — ^for  example,  in  many  of  Freund*s 
experiments  there  was  a  loss  of  body- weight  which  was  not  accompanied 
by  a  corresponding  loss  of  chlorides.  The  part  played  by  chlorides  and 
also  by  other  salts  in  metabolism  is  much  too  complicated  to  be  explained 
by  this  hypothesis  in  all  possible  cases. 

For  the  rest,  it  must  be  noted  that  the  variations  between  water 
and  salts  in  the  tissues  of  children  with  gastro-intestinal  disease  are 
only  neglected  because  in  the  further  process  of  metabolism  they  soon 
tend  to  approximate  to  one  another.  Otherwise  it  would  be  impossible 
to  explain  the  constant  ratio  of  water  and  salts  which  is  found  in  the 
post-mortem  estimations  of  the  tissues  of  children  dead  from  gastro- 
intestinal diseases. 


B.— EXCRETION. 

The  katabolio  products  and  other  excretions  of  the  organism  leave 
the  body  by  various  paths.  Although  the  urine  and  fffices  of  infants 
and  children  have  been  the  object  of  many  investigations,  our  know- 
ledge of  the  gaseous  excretions  of  the  body — ^the  *'  insensible  perspira- 
tion " — ^is  still  scanty.  We  have  no  essential  information  concerning 
this  point  in  healthy  infants,  let  alone  those  suffering  from  gastro- 
intestinal diseases. 

The  excretion  of  carbonic  acid  in  newly-born  and  young  children 
has  been  investigated  by  Scherer  (145)  and  others.  Scherer  found  that 
the  gaseous  metabolism  of  respiration  was  much  more  active  in  chil- 
dren than  in  adults.  In  proportion  to  the  kilogramme  of  body-weight, 
more  O^  was  taken  up  and  CO^  given  off  in  one  hour  by  a  child  than  was 
the  case  in  a  grown  man.  The  respiratory  quotient  averaged  0-702  in 
his  experiments,  as  against  0-89  for  adults  (according  to  Laves'  investi- 
gations).   One  circumstance  detracts  from  the  value  of  these  experi- 
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mente,  and  that  is  that  they  only  lasted  one  hour.  This  made  it  difficult 
to  draw^  generally,  satisfactory  conclusions,  and  the  resulting  figures 
could  not  be  considered  in  relation  to  diet. 

On  the  other  hand,  Buhner  and  Heubner's  statistics  on  the  excretion 
by  the  lungs  and  skin  are  much  more  exact  and  valuable.  We  give  a 
short  table  of  the  figures  obtained,  with  the  proviso  that  we  can  draw 
no  deductions  therefrom  concerning  the  differences  between  sick  and 
healthy  children,  owing  to  the  small  number  of  exjieriments  available. 


ExonOon  in  Twen^-faur  Hours  per 
KUofframme  Body-weight, 


CO^     I     H/), 


Breast-fed  child 

Healthy  artifioiallv  fed  child  . . 
Maraamic  child  fed  on  cow's  milk 
The  same  on  malted  gniel 


Gm. 

Om. 

21-70 

36-70 

2614 

44-39 

34-21 

66-24 

29-32 

43-20 

Excretion  per  Sqwurt  Metre  per  Hour. 

CO^ 

Hfi. 

Bieast-fed  child 

Healthy  child  fed  on  cow's  milk 
Marasmic  child  fed  on  cow's  milk 
The  same  on  malted  gniel 

Om. 
13-6 
17-3 
17-7 
14-7 

Qm. 
22-86 
30-60 
23-90 
21-70 

Bendix's  (115)  assumption  that  in  marasmus  there  is  an  abnormal 
increase  of  gaseous  metabolism  due  to  some  toxic  substance  is  not 
borne  out  by  these  experiments.  This  view  seems  the  less  permissible, 
since  Poppi  (122)  concludes  from  his  estimations  of  the  excretion  of  water 
in  a  marasmic  child,  and  the  absorption  of  O^  and  excretion  of  GO^  in 
seven  marasmic  children,  that  the  excretion  of  both  water  and  00s  ^^ 
less  than  under  normal  conditions.  Poppi's  subjects  of  experiment 
were  all  in  the  third  (cachectic)  stage,  while  Heubner's  were  in  the  second 
stage.  It  is  impossible  to  say  whether  Poppi  is  right,  as,  on  account  of 
the  absence  of  clinical  histories  and  other  important  statistical  data, 
the  experiments  do  not  permit  definite  conclusions. 

Camerer  and  others  (146  to  149)  give  tables  of  the  amounts  of 
"insensible  perspiration"  in  children  —  that  is,  the  00,  and  H,0 
excretion  minus  the  O^  intake.  There  are  as  yet  no  published  experi- 
ments upon  sick  children. 

Excretion  through  the  bowel  has  already  been  dealt  with  in  the 
sections  on  Changes  in  Food-stuffs  in  the  Qastro-intestinal  Canal  and 
Absorption. 

Uiine.^ 

In  a  healthy  breast-fed  child  there  is  a  certain  normal  daily  output 
of  urine.    Oamerer  (146)  found  that  for  every  100  grammes  of  nourish- 

^  This  seotion  deals  only  with  those  constitaents  of  the  urine  which  are  definitely 
oharacteristio  of  the  prooeeaes  of  Metabolism. 
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ment  ingested,  68  c.c.  of  urine  were  exoreted,  and  his  results  were  con- 
firmed by  Keller  (110).  This  ratio  between  food  absorbed  and  the 
urine  excreted  varies,  especially  in  sick  children.  It  is  obvious  that 
increase  in  the  output  of  water  by  the  lungs  and  skin,  and  especially 
by  the  intestine,  must  exert  a  great  influence  on  the  excretion  of  urine, 
llius  in  cases  of  diarrhoBa  the  proportion  of  water  excreted  by  the 
kidneys  is  markedly  decreased  ;  and  if  with  severe  diarrhoea  there  is  no 
increase  in  the  inti^e  of  water,  anuria  may  supervene.  Severe  sweating 
likewise  decreases  the  relative  amount  of  urine.  Retention  of  water  in 
the  body  also  affects  the  amount  of  the  urine.  This  factor  is  of  especial 
influence  when  for  any  reason — e.g.,  when  the  diet  is  changed — there  is 
a  marked  alteration  in  the  water  content  of  the  body.  Freund  (117) 
has  made  observations  on  the  metabolism  of  sick  children,  arranging 
his  experiments  so  as  to  introduce  some  change  in  the  diet  capable  of 
considerably  influencing  the  body-weight.  The  characteristic  examples 
quoted  in  the  table  on  p.  870  show  that  the  body-weight  rises  and  falls 
with  the  urinary  output. 

The  amoufU  of  urine  passed  in  twenty-four  hours  depends,  therefore, 
partly  on  the  amount  of  food  taken,  partly  on  the  amount  of  water 
excreted  by  the  lungs,  skin,  and  bowels,  and  partly  on  the  amount  of 
water  retained. 

The  nUrogen-^onUiining  consUtuenU  of  ike  urine  have  only  been  the 
object  of  investigation  in  sick  children.  We  have,  therefore,  no  standard 
below  which  the  amount  observed  under  pathological  conditions  can 
be  said  to  fall. 

Estimations  of  the  total  nitrogen  excretion  have  mostly  been  carried 
out  in  connection  with  the  metabolism  experiments.  The  nitrogen 
excretion  is  partly  dependent  on  the  amount  of  nitrogen  ingested,  but 
also  varies  with  the  amount  absorbed  by  the  intestine  and  retained  in 
the  organism.  In  either  case  the  only  estimates  available  are  those 
with  respect  to  the  amounts  ingested  and  excreted  in  the  faeces. 


A^UMor. 

Food. 

Body- 

wclyfW 

ai  Be- 
ginning 
of  Ex- 
periment, 

Increase. 

Amount  in  Urine, 

AbMlute 
In  CO. 

of  Intake 
in  Food. 

Om. 

Qm. 

Wuttke,  I.  (3  days) 

One-third  ini]k+ 
1.490  gms.  milk- 

3,130 

-146 

1,075 

721 

Wuttke,  n.  (2  dftjs) 

BVLgBT 

1,490  gma.  malted 

2,985 

-1-156 

380 

26-6 

KraiMl.  L  (3  days) 
Kzeisel,  n.  (3  days) 

One-half  inilk+ 

2,910  gms.  biscuit 

Three-fifths  milk 

8,069  gma. 

4,880 
6.140 

-(-2S0 
-160 

1,074 
1.660 

36-9 
63-7 
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The  ratio  of  urea  to  the  total  nitrogen  excretion  in  healthy  breast-fed 
children  has  been  investigated  by  Camerer  (146,  150,  151).  Using 
Hufner*B  method,  he  found  75  to  80  per  cent,  of  the  total  nitrogen  as 
urea,  whereas  Camerer  junr.  (152),  in  healthy  children  fed  on  cow's 
milk,  observed  84  per  cent.  (Hiifner's  method).  On  the  other  hand, 
Pfaundler  (153),  in  a  premature,  but  thriving,  breast-fed  infant,  obtained 
only  45  per  cent,  of  urea  in  the  total  nitrogen  (Schondorff's  method). 

Urea. — Keller  (Momer-Sjoqvist),  Camerer  (166)  (Hiifner),  and 
Pfaundler  (153)  (Schondorff)  have  estimated  the  urea  excretion  in  children 
with  gastro-intestinal  diseases.  One  remarkable  fact  is  brought  out  by 
all  these  investigations  alike — ^namely,  that  in  a  large  series  of  cases  the 
smaller  proportion  of  the  nitrogen  leaves  the  body  as  urea. 


0/  100  Qm9.  NUfogtn. 

A^Oior, 

¥ood. 

Age, 

1 

UrM 

NH| 

Amido. 

Nitrogen. 

Acid 
Nitrogen. 

Om. 

Gm. 

Qm. 

Keller  (53).  V 

Malt  food 

41  months 

52-8 

211 

— 

KeUer  (53).  VI. 

„ 

6      „ 

60-7 

20-2 

— 

Keller  (120)  (p.  48)     . . 

Malted  soup 

3      .. 

72-4 

12-4 

— 

ii            »t                 .  • 

>i        it 

3      .. 

05-6 

13-7 

— 

»*            If                 •  • 

»>        tf 

3      .. 

67-4 

130 

— 

»»            »»                 •  • 

>•        »» 

3      .. 

70-0 

131 

— 

Pfaundler  (153)  (Case  8) 

One-half  cream+  milk 

21  days 

17-2 

30-0 

19-1 

Pfaundler  (163)  (Case  27) 

Nestl^'s  food 

21  months 

39-4 

16-6 

24-2 

Pfaundler  (153)  (Case  32) 

Two-thirds  cream-|- 

milk 

t.                >t 

3      .. 

570 

19-6 

12-5 

Pfaundler  (Case  19)    .. 

If    .. 

29-2 

17-8 

7-4 

Camerer  (156)  (Case  A) 

~~" 

3      .. 

620 

150 

~-" 

Pfaundler's  figures  are  particularly  low,  Case  8  only  showing  17*2  per 
cent,  of  urea.  As  Pfaundler  and  Camerer  themselves  admit,  these  low 
figures  are  exceptional,  and  require  more  exact  confirmation.  They 
were  obtained  by  the  Momer-Sjoqvist  method,  and  this,  according  to 
Braunstein  (157),  gives  rather  high  than  low  values.  The  lower  figures 
of  Keller  may  be  taken  as  the  most  exact  at  present  obtained. 

But  even  if  further  researches  show  that  the  proportion  of  urea  is 
really  smaller,  this,  as  Keller  remarks,  is  not,  perhaps,  a  characteristic 
in  infants  dependent  on  gastro-intestinal  disturbances.  Keller  (154) 
records  estimations  of  urea  in  cases  of  chronic  intestinal  disease  in  children 
fed  on  diluted  cow's  milk  (also  by  the  Momer-Sjoqvist  method)  which 
gave  an  average  of  80  to  95  per  cent. 

Diet,  doubtless,  conditions  the  particular  manner  in  which  the  urea 
is  excreted.  A  diet  of  malted  gruels,  perhaps,  produces  amido-acids, 
and  often  nitrogenous  substances  of  similar,  but  as  yet  unknown,  compo- 
sition, which  would  render  the  lowest  figures  for  urea  excretion  at  any 
rate  comprehensible ;  but  at  present  Pfaundler's  results  cannot  be 
completely  explained. 

The  excretion  of  uric  add  and  the  amido-acids  under  physiological 
and  pathological  conditions  has  not  yet  been  investigated.    The  few 


DISEASES  OP  CHILDREN 


873 


figures  which  Pfaundler  (133)  has  published  on  amido-aoid  excretion  are 
so  high  (up  to  19  per  cent,  of  the  total  nitrogen  excretion)  that  it  appears 
doubtful  if  the  method  employed  was  reliable. 

The  excretion  of  ammonia  in  the  urine  will  be  considered  later. 

Ratio  between  Chloride  and  Nitrogen,  —  This  ratio  sheds  a  peculiar 
light  on  the  distribution  of  nitrogenous  and  non-nitrogenous  material 
in  the  urine.     In  the  experiments  of  Buhner  and  Heubner  (111,  113), 

Q 

it  was  shown  that  the  quotient  — ^  was  1-27  in  breast-fed,  and  only  0-6  in 

N 

bottle-fed,  children  (cow's  milk).    In  two  cases  investigated  by  Camerer 

Q 

(158),  the  quotient  —  in  breast-fed  children  was  1*2  and  1*0,  and  von 

N 

Oordt  (169),  as  an  average  of  nine  experiments,  calculates  it  at  1*127. 

Q 

It  appears,  therefore,  that  the  quotient  —  in  the  urine  occupies  a  special 

N 

position  in  breast-feeding.  Its  large  size  leads  us  to  suppose  that  in 
natural  feeding  substances  are  excreted  in  the  urine  which  are  either 
poor  in  or  free  from  nitrogen,  and  indicate  a  peculiar  kind  of  metabolism. 
But  this  supposition  cannot  be  maintained.  Langstein  and  Steinitz  (202) 
have  shown  exjierimentally  that  the  ratio  C :  N  can  only  be  influenced  by 
diet  in  so  far  as  the  amount  of  nitrogen  in  the  urine  is  concerned.  It 
appears  that  a  certain  proportion  of  organic  products  free  from  or  poor 
in  nitrogen  are  in  every  urine  dependent  on  diet.  If,  then,  the  diet  is 
rich  in  nitrogen  and  tiie  urine  contains  much  urea,  the  quotient  will 
fall ;  if  the  urine  is  poor  in  urea,  the  ratio  C :  N  will  be  altered  in  favour  of 
carbon.  The  ratios  in  adults  are  exactly  similar.  Here  on  mixed  diet 
the  ratio  C :  N  is  0*72,  on  vegetable  diet  and  on  a  diet  poor  in  nitrogen  it 
rapidly  rises  to  1*01  [Camerer  (168)]. 

To  illustrate  this  point,  the  following  table  is  appended.    It  shows 

Q 

that  the  quotient  ~  is  roughly  inversely  proportional  to  the  amount  of 

N 

nitrogen  in  the  urine.  On  a  diet  of  malted  broth  the  quotient  is  strikingly 
high,  though  the  proportion  of  nitrogen  in  the  urine  rises.  Here  possibly 
the  amido-acids,  in  which  malted  broths  are  especially  rich,  influence  the 
ratio  C  :  N  in  favour  of  the  carbon  : 


1 

Food. 

NUrogen  in  100  ex. 
Urine. 

QikXicirf.  £. 

BrMstmilk 

One-third  mUk+ milk-BOsar  .. 
Biaitedhroth 

One-half  milk,  one-half  grael+  malt 
Butter-milk 

Foiimiik       !!      !!      !!      y. 

ft                  ••         ••         ••         .. 

Mffni. 
189-3 
239-3 
281-7 
463-1 
4040 
829-8 
9790 
11760 
12920 

1-19 
1-43 
1-36 
1-37 
1-06 
0-79 
0*76 
0*67 
0-68 
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A  portion  of  the  children  examined  suffered  from  gastro-intestinal 
disease,  but  the  pathological  condition  appeared  to  have  no  influence  on 

Q 

the  quotient  ~. 

N 

Mineral  Svbstancea. — The  only  substances  requiring  mention  are 
phosphorus  (especially  in  its  relation  to  nitrogen  excretion)  and  sulphur. 

With  regard  to  the  ratio  of  nitrogen  to  phosphorus  in  the  urine  of 
infants,  apart  from  the  older  and  less  useful  contributions  of  Ziilzer, 
Lehmus,  and  Cruse,^  and  the  metabolism  experiments  already  quoted 
with  regard  to  the  absorption  of  phosphorus,  the  only  detailed  obiaerTa- 
tions  available  are  those  of  Keller  (160).  These  show  that  the  ratio  N  :  P 
in  naturally  fed  children  is,  on  an  average,  7  : 1,  and  in  artificially  fed 
children  2:1.  As  the  proportion  of  N  :  P  is  5-5 :  1  for  human  milk  and 
2-5  :  1  for  cow's  milk,  it  is  clear  that  the  proportion  of  phosphorus  assimi- 
lated from  human  milk  is  greater  than  that  from  cow's  milk. 

N 
Keller  also  observed  that  the  quotient  —  is  smallw  on  a  diet  of  cream 

than  on  a  diet   of   skim  milk.     The   table  below  contains   some   of 

Keller's  results. 

N 
The  quotient  ~  in  the  first  period  averaged  1-85,  and  rose  in  the 

skim-milk  period  to  5*66.  Freund  (161)  confirmed  this  point  as  to 
phosphorus  excretion,  and  also  added  the  observation  that  on  a  diet 
of  cream  the  excretion  of  phosphorus  was  also  absolutely  increased  (the 
intake  being  equal). 

The  cause  of  this  increased  excretion  of  phosphorus  in  the  urine, 
following  the  ingestion  of  milk-fat,  must  lie  in  the  intestine.  As  pre- 
viously remarked,  owing  to  the  formation  of  insoluble  calcium  soaps,  the 
fat  produces  a  change  in  the  amount  of  calcium  in  the  intestine,  and  this, 
again,  sets  free  soluble  phosphoric  acid,  which  in  its  turn  causes  an 
improved  absorption  in  the  form  of  alkaline  phosphates,  especially 
ammonium  phosphate.    The  result  is  the  excretion  of  these  in  the  urine. 

Child  M.  :  Two  akd  a  Halt  Months  Old. 


AmourU  of  Urine  in 
Twenty- four  Hours, 

Nitrogen. 

PA. 

JUUio 
N:P. 

Food. 

C.C. 

225 

260 
440 
376 
318 
600 
460 
460 
630 
395 
685 
670 

Mgm. 

31600 

364-00 

662-20 

50008 

601-02 

735-00 

2543-80 

2704-80 

2893-80 

2433-20 

2866-50 

2677-50 

Mgm. 
212-79 
242-43 
339-93 
297-80 
287-03 
306-36 
545-32 
462-60 
455-34 
689-34 
491-00 
630-40 

1-6 
1*6 

1-9 
1-7 
21 
2-4 
4-7 
6-8 
6-4 
6-2 
5-8 
61 

•Cream. 

Skim- 
milk. 

Quoted  by  KeUer  (160). 
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The  amount  of  organically  combined  phoajAorua  in  infanta'  urine  has 
been  estimated  by  Keller  (163).  Under  very  varying  conditions,  it 
amounts  to  1*5  to  9*9  per  cent,  of  the  total  phosphorus  excretion.  No 
particular  influence  could  be  ascribed  to  any  special  form  of  diet.  A 
great  part  of  the  organically  combined  phosphorus,  as  has  been  shown 
by  observations  on  fasting  children,  arises  from  broken-down  body 
tissues  and  secretions.  It  has  not  been  shown  that  this  excretion  is 
particularly  high  during  digestive  disturbances.  Hence  the  a  priori 
view  that  the  organic  phosphorus  can  act  as  an  index  of  the  oxidative 
power  of  the  organism,  and  that  its  increase  in  the  urine  can  be  looked 
upon  as  showing  a  decreased  oxidizing  power. 

The  study  of  the  sulphur  compounds  in  infants'  urine  has  been  under- 
taken from  a  similar  point  of  view.  The  question  here  to  be  decided 
was  whether  in  children  with  gastro-intestinal  diseases  the  excretion  of 
neutral  unoxidized  sulphur  was  increased  above  normal,  as  a  result  of 
a  decreased  oxidizing  power  in  the  tissues  of  the  child.  Freund  (164), 
who  undertook  this  task,  came  to  the  conclusion  that  there  was  no 
increase  in  the  sense  stated  above.  He  showed  that,  although  the  total 
sulphur  excretion  varied  within  wide  limits,  according  to  the  amount  of 
protein  decomposition,  the  neutral  sulphur  remained  constant  within  a 
narrow  zone,  and  for  the  most  part  was  independent  of  protein  decompo- 
sition. The  relative  amount  of  neutral  sulphur  (in  percentages  of  the 
total  sulphur)  is  greater  the  less  the  protein  ingested  and  the  total  sulphur 
excreted.  For  this  reason,  in  Freund's  experiments  the  amount  of 
neutral  sulphur  was  relatively  and  absolutely  at  its  highest  in  healthy 
breast-fed  children.  Freund  is  willing  to  admit  a  double  origin  for  the 
neutral  sulphur.  It  appears  in  constant  amounts  as  an  isolated  substance, 
not  capable  of  further  oxidation,  but  it  is  also  an  intermediate  product 
of  metabolism.  This  last  portion  explains  the  small  variations  of  neutral 
sulphur  always  demonstrable  in  the  portion  derived  from  the  food. 

According  to  Freund's  figures,  the  excretion  of  neutral  sulphur 
cannot  be  taken  as  an  index  of  more  or  less  active  oxidative  function  of 
the  body,  as  in  most  children  with  gastro-intestinal  disease — ^in  which 
we  have  reason  to  suppose  that  there  is  a  decrease  in  oxidizing  power 
— a  decrease  was  also  found  in  the  excretion  of  neutral  sulphur  (165). 
According  to  Freund,  this  may  be  due  to  an  impaired  secretion  of  bile. 

Indiean  is  not  present  in  the  urine  of  healthy  breast-fed  children 
[Senator  (62),  Zamfiresco  (166),  Hochsinger  (167),  Ste£Fen  (168)].  Momid- 
lowski  (74)  and  Concetti  (169)  found  occasionid  traces  in  healthy  chil- 
dren. In  healthy  artificially  fed  children  it  is  not  always  present 
[Hochsinger,  Oehlig  (170)].  On  the  other  hand,  there  is  a  constant 
relation  between  severe  diseases  of  the  intestine  and  increased  indiean 
excretion.  Hochsinger  observed  an  increased  indiean  excretion  in 
infective  enteritis  and  in  acute  diarrhoea  and  vomiting.  Momidlowski, 
Gehling,  and  Concetti  also  note  increased  indicanuria  in  cases  of  gastro- 
intestinal disease. 

BUe  pigment  exhibits  peculiar  features.  While  bilirubin  is  practically 
always  found  in  the  urine  in  cases  of  adult  jaundice,  in  the  infantile 
form  circumstances  arise  which  prevent  the   appearance  of  the  bile 
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pigments  in  the  orine.  At  any  rate,  no  bile  pigments  are  excreted  in 
the  urine  of  children  suffering  from  icterus  neonatorum.  Porak  (171) 
in  198  cases  only  thrice  found  bilirubin  in  the  urine,  and  Skormin  (172) 
states  that  icterus  neonatorum  may  be  diagnosed  by  the  failure  of  bili- 
rubin to  appear  in  the  urine.  On  the  other  hand,  in  the  urine  of  new- 
bom  jaundiced  children.  Parrot  and  Bobin  (173)  found  golden  yellow, 
shining,  insoluble  masses  of  pigment — maasea  jaunea — soluble  in  cdcohol, 
but  not  in  ether,  and  dissolving  in  strong  sulphuric  acid  with  a  red 
coloration  [Cruse  (174)].  The  appearance  of  these  masses  of  pigment 
points  to  the  insolubility  of  bilirubin  in  urine.  Knopfehnaoher  (175) 
sought  to  explain  this  by  pointing  out  that  bilirubin  was  held  in  solution 
by  alkaline  salts,  especially  by  the  phosphates.  But  the  amount  of 
phosphates  (especially  the  simple  acid  phosphates)  is,  according  to 
Knopfehnaoher,  so  small  in  the  urine  of  the  newly-born,  that  an  appreci- 
able amount  of  bile  pigment  cannot  be  dissolved.  But  if  for  any  cause 
there  is  sufficient  phosphate  present,  the  urine  of  icteric  newly-born 
children  will  dissolve  so  much  bile  pigment  that  the  positive  staining  re- 
action is  lost.    Cruse  (174)  and  A.  Epstein  (176)  have  published  such  cases. 

Li  some  forms  of  infantile  jaundice  (septic)  dissolved  bile  pigment 
is,  according  to  Skormin,  always  found  in  the  urine.  Whether  in  these 
cases  so  much  phosphate  is  present,  owing  to  toxic  protein  decomposition, 
that  a  solution  of  bilirubin  becomes  possible  must  be  determined  later  on. 

The  so-called  catarrhal  jaundice  of  infants  does  not  differ  as  regards 
the  excretion  of  bilirubin  in  the  urine  from  that  occurring  in  adults. 

The  occurrence  of  aceUme  in  the  urine  of  healthy  and  sick  infants 
has  as  yet  been  little  investigated.  It  is  not  yet  known  whether  it  is 
ever  found  in  the  urine  of  breast-fed  children.  Li  acute  gastro-intestinal 
diseases  Schrack  (177)  found  acetone  in  the  urine,  but  not  in  chronic 
nutritional  disturbances.  Schlossmann  (14)  found  organic  acids  related 
to  acetone  (aceto-acetic  acid,  succinic  acid,  propionic  acid,  etc.)  in  gruel 
decomposed  by  BaciUua  colt  communis,  and  also  acetone  and  butyric 
acid  in  the  urine  of  children  who  were  put  on  a  "  gruel "  diet  during 
illness.  This  caused  him  to  draw  a  special  clinical  picture  of  an  "  intoxi- 
cation *'  due  to  the  decomposition  of  "  gruel." 

More  recent  researches  by  Langstein  and  Meyer  (200)  strip  the  excre- 
tion of  acetone  in  acute  gastro-intestinal  disease  in  infants  of  its  specific 
character.  They  show  that  it  is  not  characteristic  of  any  particular 
disease,  and  is  merely  the  sequel  of  inanition,  and  the  result  of  want  of 
carbohydrate  due  to  disturbances  in  carbohydrate  metabolism.  Excre- 
tion of  acetone  thus  accompanies  excretion  of  oxybutyiic  acid  and  an 
increase  in  the  ammonia  excreted  in  the  urine. 

Meyer  (101)  has  made  the  excretion  of  phenol  in  the  urine  the  object 
of  his  researches.  It  amounts  (according  to  the  Kossler-Penny-Neubeig 
method)  to  an  average  of  2*5  to  6  milligrammes  per  diem  in  breast-fed 
children,  and  13-28  milligrammes  in  the  artificially  fed.  Phenol  ingested 
by  the  mouth  is  partly  oxidized  and  partly  deprived  of  its  toxicity  by 
synthesis  into  ethereal  sulphates.  A  small  amount  is  excreted  as  phenol. 
Infants  with  gastro-intestinal  disease  react  in  just  the  same  way  as 
healthy  ones. 
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Sugar  is  not  found  in  the  urine  of  healthy  infants  [Parrot  and 
Robin  (178),  Cruse  (179),  Grosz  (131),  and  Koplik  (180)],  although  reducing 
substances  are  occasionally  present.  On  the  other  hand,  as  Grosz  and 
Langstein  and  Steinitz  have  shown,  lactosuria  in  infants  is  a  frequent 
symptom  of  gastro-intestinal  disturbances  even  of  a  trivial  character. 
This  lactosuria  is  alimentary.  It  disappears  on  a  diet  of  water,  and 
again  appears  when  milk  is  given,  as  long  as  the  metabolic  disturbance 
lasts.  It  arises  from  an  incomplete  decomposition  of  the  milk-sugar 
of  the  food  in  the  bowel,  whereby  the  milk-sugar  reaches  the  circulation. 
In  severe  gastro-intestinal  disturbances  Langstein  and  Steinitz  have  also 
demonstrated  galactose,  a  decomposition  product  of  lactose,  in  the  urine. 

The  question  of  the  excretion  of  sugar  in  infants  is  closely  connected 
with  the  question  of  its  assimilation,  and  this  depends  on  so  many  factors 
— ^the  presence  of  inverting  ferments  in  the  intestine,  rapidity  of  absorp- 
tion, amount  absorbed,  and  the  bacterial  processes  in  the  bowel.  The 
alimentary  glycosuria  of  infants  is  a  symptom  which  does  not  advance 
our  knowledge  of  the  meaning  of  intermediate  metabolic  processes.  The 
facts  which  are  proved  beyond  doubt  [Grosz  (131),  Hecker  (181),  Nob6- 
court  (182),  Terrien  (183),  Keller  (184)]  permit  the  following  conclusions : 
Milk-sugar  is  almost  completely  absorbed,  more  so  than  in  adults. 
Glucose  can  also  be  ingested  by  the  mouth  in  large  quantities  before  it  is 
excreted  in  the  urine.  On  the  other  hand,  laevulose  in  relatively  small 
amounts  produces  alimentary  glycosuria.  Maltose  is  the  best  tolerated 
of  all  the  varieties  of  sugar,  even  in  infants  with  gastro-intestinal  disease. 
The  proportion  of  this  sugar  assimilated  must  be  very  high — so  high  that 
it  was  never  recovered  in  Keller's  experiments  in  spite  of  the  large  quan- 
tities administered.  For  example,  in  one  case  as  much  as  28-7  grammes 
maltose +  2*8  grammes  lactose  were  given  per  kilogramme  per  diem 
without  sugar  being  recognised  in  the  urine. 

In  concluding  the  account  of  the  changes  in  the  urine  under  various 
metabolic  conditions,  we  will  shortly  deal  with  two  phenomena  the 
relations  of  which  in  the  physiology  or  pathology  of  metabolism  have 
not  yet  been  clearly  established  in  spite  of  many  investigations.  These 
are  aBmniinuria  and  the  uric  acid  infarct  of  new-bom  infants.  A  complete 
collection  of  previous  works  and  a  detailed  description  of  them  will  be 
found  in  the  handbook  by  Ozemj  and  Keller,  to  which  we  have  referred 
for  the  literature.    Here  only  the  most  important  will  be  briefly  collated. 

In  a  large  number  of  cases  (40  to  100  per  cent,  of  all  new-bom  infants) 
we  find  albuminuria.  The  albumin  is  either  already  present  in  the  first 
urine  passed  [Mensi],  or  appears  two  days  later,  and  disappears  in  from 
five  to  ten  days.  A  reason  for  this  iJbuminuria  has  been  sought  in 
disturbances  in  the  vital  processes  of  the  infant  consequent  on  the  change 
in  metabolism,  and  the  hypersBmia  of  the  kidneys  which  results  [Virchow] ; 
in  incomplete  development  of  the  glomeruli  [Ribbert];  in  uric  acid 
infarction  and  consequent  mechanical  irritation  of  the  kidney  [Hof meier], 
and,  finally,  in  a  chemical  irritation  of  the  kidneys  by  the  very  uratic  urine 
of  the  first  few  days  of  life  [Flensburg].  The  protein  occurring  in  this 
albuminuria  was  thought  by  Flensburg  to  be  a  nudeo-protein. 

By  the  French  authors  [Parrot  and  Robin,  Le  Gendre,  Cohen,  Amozan, 
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Perret,  etc.]  the  albuminnria  of  the  newly-born  is  almost  always  con- 
sidered as  pathological.  There  are  even  some  authors  [Perret],  who  con- 
sider the  prognosis  uncertain,  because  the  kidneys  are  frequently  damaged 
and  less  resistant  to  infection. 

In  near,  but  not  quite  clear,  relationship  to  albuminuria  stands  the 
uric  acid  infarct  of  the  newly-born.  It  arises  from  the  fact  that  in  the 
first  few  days  of  life  a  hyaloid  substance  is  formed  in  the  renal  tubules, 
and  upon  this  are  deposited  urates  in  considerable  quantity.  To  pick 
out  the  theory  as  to  the  origin  of  this  substance,  which  appears  most 
probable  (Mensburg's),  the  primary  cause  is  the  hyperleucocytosis  of  the 
first  days  of  life,  which  causes  an  overproduction  of  uric  acid.  But  why 
this  is  not  excreted  as  such,  but  in  the  shape  of  an  infarct  (hyaline 
cylinders  covered  with  uric  acid  and  streaks  and  granules  of  urates),  is 
not  explained. 

That  in  all  cases  the  uric  acid,  which,  according  to  Flensburg,  is  also 
to  be  regarded  as  an  etiological  factor  of  the  albuminuria,  plays  a  consider- 
able part  in  the  production  of  the  infarcts  is  shown  by  the  urinary  analyses 
of  Sjoqvist,  from  which  we  quote  the  following  figures  : 


In  100  PaHa  of  Urinary  Nitrogen. 

Uiwk 

UrieAokL 

AnunonlA. 

1.  Before  the  infttrot 

2.  Daring  the  iniarot 

3.  After  the  infarot 

74-6 
76-1 
72-7 

7-9 
8-6 
30 

7-8 
8-1 
9*6 

v.— THE  METABOLISM  OF  ENERGY  AND  THE  REQUIRE- 
MENTS  OP  NUTRITION. 

Diet  regarded  as  a  source  of  energy,  a  view  founded  upon  the  law  of 
the  conservation  of  power,  was  first  dealt  with,  as  regards  infant  meta- 
bolism, by  Camerer  (185,  186).  He  expressed  the  food  requirements 
of  the  infant  in  terms  of  heat  units,  and  represented  the  metabolic  equa- 
tion in  the  form  of  a  balance-sheet  of  energy ;  that  is  to  say,  the  potential 
energy  taken  into  the  body  as  food  equals  the  work  done  by  the  body 
and  that  stored  up  within  it.  According  to  Camerer,  if  the  energy  spent 
on  food,  on  the  radiant  heat,  and  on  the  evaporated  water  is  termed  c,  the 
energy  equal  to  outside  work  performed  i,  the  energy  represented  by 
tissue  increase  a,  that  of  the  lost  tissue  substance  h,  then  the  position 
as  regards  the  infant  isn(  +  i)-c  +  {  +  a. 

For  the  normal  healthy  infant  the  outside  work  is  so  small  that  it 
can  be  disregarded,  and  the  equation  becomes  simplified  to  n^c  +  a; 
in  other  words,  the  energy  in  the  food  is  converted  into  heat,  a  part  of 
the  energy  being  stored  in  the  body  as  potential  energy  or  growth. 

If  we  wish  to  investigate  completely  the  amount  of  energy  used  in 
metabolism,  we  must  estimate  the  value  of  the  food  ingested  in  calories 
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(gross  calories),  and  subtract  from  that  the  energy  lost  in  the  fsdces. 
When  from  this  (net  calories)  the  calorie  value  of  the  urine  and  sweat  is 
subtracted,  we  have  a  view  of  the  energy  actually  used  up,  the  energy 
which  has  passed  through  the  body  (physiological  net  effect). 

Such  investigations  are  at  present  but  few  in  number ;  as  far  as  we 
know,  there  are  only  the  metabolism  series  of  Heubner  and  Rubner, 
and  an  experiment  by  Cronheim  and  Mliller  (187). 

If  we  oomi>are  the  results  of  the  oft-quoted  experiments  carried  out 
by  Rubner  and  Heubner,  we  arrive  at  the  following  figures  : 


Food. 

DaUy  Iniake. 

Lo$§  in  Urine 
and  Faces, 

Net  Phfisio- 
logical  Value, 

Calories  per 

Diem  per 

Kilogramme, 

Nonnal  ohild  (humaa  milk) 
Normal  child  (ooVb  milk) . . 

Mansmio  ohiM  (malted  meal) 

OJoiiai. 
380-0 
736-5 
381-0 
301*2 

Caloriea. 
28-17 
52-70 
41-50 
37-30 

PwCent 
91-6 
92-2 
811 
82-4 

CUorifla. 
73-00 
96-27 

12600 
66-00 

Yalux  pib  Dim  for  1  Cubic  Mxtrk  Supbrticixs. 


Food. 

Supply  in  Calories, 

subiraeting  Amount  in 

Urine  and  Faces, 

Htal  Produdion. 

Normal  child  (human  milk) 

Normal  child  (cow's  milk) 

Mamamic  child  (cow's  milk) 
Maraamic  child  (malted  meal) 

1,006 

1,479 

U384 

428 

The  potential  energy  differs  in  the  four  experiments.  The  net 
physiological  effect — ^that  is,  the  avaUable  potential  energy  for  the  body — 
is  in  the  experiment  on  the  healthy  child  rather  more  than  in  the  marasmio 
child,  but  only  so  slightly  that  the  atrophic  child,  although  on  milk  diet, 
got  the  largest  number  of  calories  per  kilogramme  per  diem.  Calculated 
per  square  metre  of  superficial  area,  the  supply  of  energy  varied  between 
1,479  and  428  calories. 

As  the  heat  production  in  the  case  of  the  breast-fed  child,  which 
maintained  its  body-weight  during  the  experiment  is  exactly  met  by  the 
potential  energy,  Rubner  and  Heubner  assume  that  here  we  have  a  diet 
of  equilibrium.  On  the  assumption  that  this  has  a  generally  uniform 
value,  the  atrophic  child  on  a  diet  of  gruel,  when  putting  on  tissue, 
equally  takes  a  diet  of  equilibrium,  whilst  on  cow's  milk  the  excess  over 
and  above  a  diet  of  equilibrium  amounted  to  44  per  cent,  in  the  healthy 
child,  and  36*5  per  cent,  in  the  marasmic  child. 

A  comparison  of  the  metabolism  of  energy  in  healthy  and  marasmic 
children  shows,  tiierefore,  the  absence  of  any  notable  difference.  No 
abnormal  course  of  tissue  or  energy  metabolism  can  be  recognised  in  the 
metabolism  of  sick  infants. 

VOL.  m.  66 
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Bat,  according  to  Heubner  (188-190),  there  is  a  fundamental  differ- 
ence in  the  nutrition  of  tiie  naturally  and  artificially  fed  child. 
Observations  on  normal  thriving  infants  brought  Heubner  to  the  con- 
clusion that,  with  the  same  supply  of  energy,  more  reserve  of  potential 
energy  took  place  in  the  breast-fed  than  in  the  artificially  fed  child ; 
in  other  words,  that  the  latter,  in  order  to  store  up  as  much  as  the  former, 
must  be  supplied  with  a  higher  total  intake.  Prom  this,  and  from  the 
fact  that  artificially  fed  infants  excrete  more  OO^  than  breast-fed, 
Heubner  concluded  that  artificial  food  required  more  work  for  its  diges- 
tion. The  digestion  of  cow*s  milk  requires  more  calories  than  that 
of  human  milk,  and  these  calories  leave  the  body  as  heat  lost.  If  we 
express  this  relation  by  Gamerer's  terms,  in  the  equation  n^e-^a,  the 
factor  c  will  in  artificially  nourished  children  be  the  greater.  If  it  is 
large  enough  to  equal  n,  growth  is  no  longer  possible ;  if  it  is  still  greater, 
the  condition  is  that  of  commencing  atrophy.  This,  according  to 
Heubner,  is  owing  to  congenital  incapacity  of  the  intestinal  canal  or  to 
acquired  weakness  of  the  epithelium,  by  which  the  work  of  digestion  is 
abnormally  difficult.  The  intestine  is  able  to  digest  the  food  which  is 
put  into  it,  as  is  shown  by  good  or  passable  absorption,  but  it  requires 
so  much  energy  for  this  process  that  not  only  is  there  none  left  for  growth, 
but  some  of  the  tissue  substance  is  used  up. 

A  discussion  of  this  theory  can  only,  in  our  opinion,  be  possible  when 
we  measure  the  work  done  in  digestion  by  infants,  and  this  hitherto 
has  not  been  accomplished.^ 

The  consideration  of  diet  from  the  standpoint  of  the  doctrine  of 
energy  is  not  merely  of  theoretical  interest,  but  has  a  distinct  bearing 
upon  practical  treatment.  By  a  comparison  of  the  nutritive  value  of 
various  food-stuffs,  it  enables  us  to  calculate  approximately  the  amount 
of  nourishment  ordinarily  necessary.  If  we  take  the  gross  number  of 
calories  introduced  with  the  food,  of  which  the  greater  part  will  be 
absorbed  by  marasmic  children,  and  divide  this  by  the  body-weight,  we 
obtain  the  quotient  of  energy  which,  according  to  Heubner,  shows  (in 
calories)  the  food-intake  per  kilogramme  per  diem  which  is  necessary  for 
a  child  to  put  on  weight  in  a  satisfactory  manner.  Heubner  puts  the 
normal  quotient  of  energy  for  the  breast-fed  child  at  100,  and  for  the 
artificially  fed  at  120  calories  (his  observations  were  few  in  number). 

Without  denying  that  the  quotient  of  energy  has  advanced  our 
method  of  thought,  we  shall  now  bring  forward  a  few  considerations 
which  somewhat  diminish  its  value  as  a  means  of  calculating  the  require- 
ments of  nutrition. 

In  the  first  place,  there  are  not  at  present  enough  observations  to 
fix  a  definite  normal  quotient  of  energy.  Even  in  the  healthy  breast- 
fed child  the  quotients  hitherto  published  vary  considerably,'  and  as 

^  Rabner  and  Heubner  (203)  experimented  with  a  strong  wet-nnraed  child  by  oom- 
paring  the  estimationB  of  the  energy  equation.  When  the  child  was  in  a  condition  of 
hun^r,  and  when  it  was  fully  fed,  they  honed  to  arrive  at  the  total  energy  used  up 
in  digestion.  The  experiment  waa  spoiled  only  by  the  extreme  resttessness  <n  the  chila, 
which  destroyed  the  value  of  the  figures  for  the  metabolism  of  a  healthy  hungry  oluld. 
The  most  important  result  of  this  experiment  lies  rather  in  the  numerical  result  aa  to  the 
amount  of  energy  lost  in  screaming  and  in  other  "  work." 

^  The  greater  number  are  given  by  Ozemy  and  Keller  (2). 
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regards  artificially  fed  children,  the  statistical  material  is  still  more 
sparse.  Then,  again,  the  determination  of  the  quotient  of  energy  is 
much  too  uncertain  to  serve  as  a  basis  for  this  kind  of  calculation.  The 
calorie  value  of  human  milk,  according  to  Heubner  and  Buhner  (111), 
is  614-2  to  723-9 ;  according  to  Gaus  (149),  678-7  to  745 ;  according  to 
Beyher  (190),  765 ;  and  according  to  Schlossmann  (191),  702  to  863. 

Lastly,  it  cannot  be  shown  that  the  calorie  value  of  milk,  as  deter- 
mined directly  by  the  calorimeter,  exactly  corresponds  to  that  of  the 
organic  substances  which  it  contains ;  and  the  calorie  value  of  human 
milk,  owing  to  the  variations  in  its  composition — especially  in  the  amount 
of  fat — cannot  be  determined  with  sufficient  accuracy  for  a  whole  period 
of  lactation,  even  by  means  of  frequent  analyses. 

We  cannot,  therefore,  estimate  a  dietary  by  its  dynamic  value.  We 
know  that  it  must  contain  a  certain  amount  of  protein,  and  no  doubt, 
also,  the  amounts  of  fat  and  carbohydrate  can  be  calculated  to  a  certain 
extent.  Beyond  this  the  calorie  requirements  only  give  us  the  sum  of 
the  organic  constituents,  leaving  us  to  calculate  the  amount  of  water 
and  the  proper  quantity  and  quality  of  inorganic  matter  by  an  analysis 
of  the  food-stuffs. 

These  considerations  are  of  still  more  importance  when  we  wish  to 
calculate  the  nutritive  requirements  of  children  with  gastro-intestinal 
diseases  by  means  of  the  quotient  of  energy.  In  these  conditions,  mis- 
takes in  diet  upset  nutrition  sooner  than  in  the  healthy  child,  and,  more- 
over, frequently  there  is  a  special  intolerance  of  certain  foods.  A  large 
number  of  children  with  gastro-intestinal  disorders  cannot  take  fat. 
They  cannot,  therefore,  be  adequately  nourished  by  giving  them  a  food 
of  high  calorie  value  such  as  cream.  A  child  who  has  been  made  iU  by 
an  excess  of  carbohydrates  requires  very  little  carbohydrate  in  his  food  ; 
one  who  has  suffered  from  too  much  protein  should  have  only  the  smallest* 
quantities  of  protein.  The  therapeutic  indications  derived  from  the 
character  of  the  diet  which  set  up  the  illness  loom  so  largely  that  the 
value  of  the  quotient  of  energy  is  proportionally  diminished.  Good 
results  from  malt  and  butter-milk  in  dieting  children  with  gastro-intes- 
tinal diseases  are  not  solely  due  to  the  high  calorie  value  of  these  foods, 
but  because  they  are  free  from,  or  poor  in,  fat,  and  contain  suitable 
carbohydrates.  To  similar  causes  are  due  the  results  of  a  full  milk  diet 
in  certain  cases  of  children  who  have  been  fed  on  cereal  gruels. 


VI.— ANOMALIES  OP  METABOLISM. 

Disturbances  of  nutrition  in  infants  may  be  divided  into  two  classes — 
those  which  result  from  a  general  infection  and  those  originating  in  the 
alimentary  tract.  We  should  a  priori  expect  that  these  two  classes, 
differing  as  they  do  both  in  their  pathology  and  their  clinical  course, 
would  have  very  different  effects  on  metabolism. 

Disturbances  of  metabolism  of  infective  origin  are  not  merely  the 
result  of  infections  of  the  gastro-intestinal  tract ;  the  clinical  course  of 
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other  infections  (pneumonia,  otitis,  erysipelas,  tuberculosis,  etc.)  shows 
that  here,  too,  a  deleterious  effect  is  produced  on  the  metabolism  of 
infants.  The  exact  nature  of  this  effect,  and  whether,  or  to  what  extent, 
it  is  the  result  of  toxic  disintegration  products,  is  not  yet  determined. 
Schkarin's  series  of  observations,  however,  on  the  metabolism  of  infants 
suffering  from  general  infections  show  that  in  such  cases  there  is  no 
decreased  power  of  absorption  of  food,  but  that,  on  the  other  hand, 
there  is  an  interference  with  the  retention  of  nitrogen,  sulphur,  and  phos- 
phorus in  food,  so  that  in  severe  cases  the  excretion  may  exceed  the 
intake  (191a).  A  diminished  retention  of  calcium  appears  to  be  the 
rule  in  infective  conditions. 

Our  definite  knowledge  of  disturbances  of  metabolism  in  children 
suffering  from  gastro-intestinal  diseases  is  confined  to  those  resulting 
from  improper  feeding,  the  general  characteristics  of  which  depend  on 
the  way  in  which  they  originate.  Some  are  caused  by  the  action  of  one 
or  more  food-stuffs  lasting  for  a  considerable  time.  Li  these  cases  there 
arises  a  metabolic  disturbance  intrinsically  trifling,  which  could  easily 
be  set  right  if  the  deleterious  action  were  not  too  long-continued.  Li  this 
way,  little  by  little,  is  produced  the  condition  known  as  chronic  de- 
rangement of  nutrition. 

How  far  the  excess  or  defect  of  any  one  class  of  food-stuff  determines 
metabolic  disturbances  cannot  be  finally  determined  in  the  present 
state  of  our  knowledge.  Li  the  case  of  some  food-stuffs  we  only  know 
from  clinical  observation  that  they  have  a  deleterious  influence  on 
metabolism.  Thus,  we  know  that  excess  of  protein  is  not  unimportant 
in  infant  feeding,  although  Keller's  (118)  metabolism  experiments 
showed  no  recognisable  ill-effect  from  excessive  amounts.  Equally 
bad  results  follow  if  the  infant's  diet  contains  too  little  protein ;  at  least, 
it  appears  that  a  long-continued  diet  of  vegetables  without  milk  (water- 
gruels),  besides  other  ill-effects,  causes  the  gravest  and  most  irreparable 
damage  to  nutrition,  owing  to  the  fact  that  the  child  is  given  too  small 
an  amount  of  protein,  and  that  in  the  least  easily  assimilable  form 
[Heubner  and  Rubner]. 

How  far  excess  or  defect  of  the  inorganic  constituents  of  diet  and 
water  influence  metabolism  cannot  be  clearly  determined  by  clinical 
observation. 

The  ill-effects  produced  by  long-continued  excess  of  fat  on  the 
infant's  constitution  have  been  more  completely  studied.  These  are 
in  close  relationship  with  the  question  of  "acidosis,"  inasmuch  as 
most  cases  of  the  latter  condition  are  induced  by  an  excess  of  fat 
in  the  diet.  We  shall,  therefore,  first  deal  with  what  is  known  about 
acidosis  in  infants,  and  then  go  on  to  describe  the  effects  upon  the 
organism. 

If  we  consider  how  an  acidosis,  or  an  increased  acidity  of  the  organism, 
can  be  produced,  two  alternatives  appear  possible — namely,  an  increased 
production  of  acid  (absolute  acidosis),  or  a  decrease  in  the  amount  of 
alkali  present  (relative  acidosis).  In  either  case  an  increased  excretion 
of  ammonia  by  the  kidneys  results.  In  increased  acid  production  the 
acids  combined  first  with  the  fixed  alkalis,  but  as  these  are  generally 


DISEASES  OP  CHILDREN 


883 


insufficient,  an  increa49ed  ammonia  excretion  follows.  In  the  second 
altematiye,  since  the  organism  is  endeavouring  to  spare  its  store  of 
alkali,  it  follows  that  the  increased  ammonia  excretion  in  the  urine  is 
primary.  The  behaviour  of  the  ammonia  and  the  fixed  alkalis  in  the 
two  conditions  is  therefore  as  follows : 


Excretion  in  Urine. 

AbK>]uteAcidod«. 

ReJatlTeAoidods. 

Fixed  alkali    .. 

NH, 

Inoieased 
Increased 

Decreased 
Inoieased 

In  order  to  determine  which  sort  of  acidosis  is  present,  the  principal 
point  is  to  know  its  place  of  origin.  When  acids  are  either  absorbed 
from  the  intestine  or  formed  out  of  intermediaiy  metabolic  products, 
there  is  an  absolute  acidosis  (diabetes  mellitus,  experimental  acid- 
intoxication)  ;  but  if  acids,  while  stiU  in  the  intestine,  are  neutralized 
by  alkalis  taken  in  food  or  obtained  from  the  tissues,  or  if  the  fixed 
alkalis  are  withdrawn  from  the  body  in  some  other  way — e.g.f  in  diar- 
rhcda — a  relative  acidosis  results. 

We  have  now  to  determine  to  which  class  the  acidosis  associated 
with  nutritional  disturbances  in  children  belongs. 

Researches  on  acidosis  in  children  suffering  from  gastro-intestinal 
diseases  take  origin  in  the  fact,  first  established  by  Keller,  that  in  such 
cases  the  ammonia  excretion  in  the  urine  is  either  delayed  or  dis- 
appears. 

Few  researches  on  the  excretion  of  ammonia  by  healthy  children 
during  the  first  year  of  Ufe  are  available.  Sjoqvist  (192)  found  in  new- 
bom  infants  and  in  children  of  all  ages  that  the  ammonia  coefficient^ 
was  7*8  to  9-6  per  cent.  There  are  few  observations  on  the  ammonia 
excretion  in  healthy,  well-nourished  breast-fed  infants ;  most  of  the 
published  material  relates  to  those  who  are  ill.  The  few  figures  given 
by  Pfaundler  (153)  vary  from  6*4  to  15*3  per  cent.  A  six-months 
old  child  observed  by  Gamerer  (156)  excreted  8  per  cent.  NH,.  In  a 
healthy  bottle-fed  child  Gamerer  found  the  nitrogen  coefficient  to  be 
5  per  cent. 

Keller  only  observed  children  with  gastro-intestinal  complaints.  In 
these  he  almost  invariably  found  an  abnormally  high  ammonia  excre- 
tion amounting  to  52  per  cent,  of  the  total  nitrogen.  This  was  either 
continuously  present,  or  recurred  from  time  to  time.  In  attempting  to 
explain  this  fact,  the  question  arises  whether  the  rise  in  ammonia  excre- 
tion is  not  merely  the  result  of  disturbed  urea  production  in  the  liver, 
and  not  due  at  all  to  an  acidosis.    This  view  gains  some  support  from 

^  The  ammonia  coefficient  is  the  amount  of  ammonia  nitrogen :  the  total  nitrogen. 
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the  latest  histological  investigations  of  Thiemich  (193),  Terrien  (205), 
Lesn6  and  Merklen  (206),  and  others,  from  which  it  appears  that  d^enera- 
tion  of  the  liver  cells  occurs  in  children  with  gastro-intestinal  disease. 
Van  der  Bergh  (194)  instituted  experiments  to  elucidate  this  question. 
Starting  from  the  supposition  that  the  increased  ammonia  excretion 
from  the  kidneys  resulting  from  acidosis  must  be  referred  to  an  increased 
utilization  of  the  fixed  alkalis,  and  that,  consequently,  a  decreased  syn- 
thesis of  urea  would  be  uninfluenced  by  the  exhibition  of  fixed  alkalis. 
Van  der  Bergh  gave  sodium  bicarbonate  to  infants  suffering  from  digestive 
disturbances.  The  result  was  that  the  ammonia  excretion  immediately 
disappeared,  either  partially  or  completely.  Li  another  series  of  obser- 
vations, Keller  (120)  demonstrated  an  increase  in  urea  excretion  corre- 
sponding to  the  decreased  ammonia  output.  Moreover,  Keller  (53) 
endeavoured  to  show  that  such  infants  had  the  power  of  forming  urea 
by  feeding  them  with  ammonium  carbonate  (2  to  1  gramme  — 10  to 
15  grains).  If  the  power  of  producing  urea  were  damaged,  the  exhibition 
of  ammonium  salts  should  produce  an  increase  of  ammonia  in  the  blood, 
and  a  consequent  increase  in  the  amount  excreted  by  the  kidneys.  This, 
however,  did  not  occur,  but  the  urea  excretion  went  up  under  the  influence 
of  the  ammonium  carbonate,  showing  that  the  power  of  forcing  urea 
was  intact.  In  the  same  way  amido-acids  (leucin,  glycocoll,  asparagin), 
given  per  o8^  were  for  the  most  part  converted  into  urea  in  children  suffer- 
ing from  gastro-intestinal  disorders  (195). 

Pfaundler  (153)  disputes  the  view  that  the  formation  of  urea  remains 
intact.  His  investigations  led  him  to  think  that  increased  ammonia 
excretion  in  a  proportion  of  children  with  digestive  diseases — ^namely, 
those  in  which  a  degeneration  of  the  liver  ceUs  is  present — ^is  the  result 
of  increased  ammonia  production,  which  must  be  referred  to  an  imperfect 
urea  synthesis.  He  noted  that  in  such  cases  the  power  of  the  liver  to 
oxidize  salicylic  aldehyde  to  salicylic  acid  post-mortem  was  very  much 
diminished.  But  the  fact  that  after  death  the  liver  cells  have  a  diminished 
oxidation  power  for  salicylic  aldehyde,  taken  together  with  the  degenera- 
tive appearances  in  the  cells,  is  not  sufficient  to  establish  a  decreased 
power  of  synthesizing  urea  during  Ufe. 

Van  der  Bergh's  and  Keller's  researches  already  mentioned,  the 
accuracy  of  which  Pfaundler  could  not  dispute,  and  the  analogy  with 
adults  in  whom  the  formation  of  urea,  even  in  the  most  severe  diseases 
of  the  liver,  is  usually  unaffected  [Weintraud,  Miinzer],  compel  us  to 
regard  the  increased  excretion  of  ammonia  in  the  urine  of  children  with 
digestive  disturbances  as  an  indicator  and  neutralizer  of  acids,  and  not 
as  a  result  of  defective  formation  of  urea. 

According  to  Keller,  in  children  with  chronic  gastro-intestinal  affec- 
tions an  increase  of  ammonia  excretion  nearly  always  takes  place,  and 
Kokky  (196)  observes  that  this  is  generally  dependent  on  the  condition 
of  the  child.  The  further  question  now  arises  as  to  whether  diet  influ- 
ences the  ammonia  excretion,  and  which  of  the  food-stuffs  produce  an 
increased  ammonia  output  during  the  process  of  metabolism.  The 
answer  to  this  question  is  supplied  by  a  research  of  A.  Ozemy  and  A.  Keller, 
which  indisputably  shows  that  of  all  the  food-stuffs,  fat  is  the  only  one 
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which  leads  to  an  increased  output  of  ammonia, 
are  selected  from  these  investigations  : — 
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There  are  thus,  according  to  Keller  (154),  two  factors  which  influence 
the  excretion  of  ammonia — (1)  the  fat-content  of  the  food,  and  (2)  the 
condition  of  the  child.  He  found,  indeed,  that  even  when  the  amount 
of  fat  in  the  diet  was  low,  there  was  in  many  cases  an  increased  ammonia 
excretion.  Keller's  (118)  experiments,  undertaken  in  order  to  obtain  a 
measure  of  the  acidosis  from  the  estimation  of  the  acidity  of  the  urine 
in  children  with  gastro-intestinal  diseases,  deserve  mention.  Estima- 
tions of  the  acidity  (after  lieblein)  of  the  urine  from  children  on  diets 
both  rich  and  poor  in  fat  did  not  indicate  any  constant  ratio.  The 
acidity  appeared  quite  irregular,  and  was  not  always  high  in  cases 
where  acidosis  might  be  expected.  From  this  it  appears  that  an  excre- 
tion of  free  acid  does  not  take  place  in  the  urine  in  gastro-intestinal 
diseases,  but  that  there  is  always  enough  ammonia  available  to  neutralize 
them  before  they  are  eliminated. 

Keller's  work  was  dominated  by  the  view  that  the  acidosis,  and  with 
it  the  increased  ammonia  elimination,  was  due  to  the  abnormal  absorp- 
tion and  assimilation  of  acids  presumably  originating  in  the  intestine. 
But  by  degrees  a  change  of  opinion  has  taken  place  in  the  conception 
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of  acidosis,  which  has  thrown  the  idea  of  "  absolute  acidoeas  "  into  the 
background.  Keller  (120)  had  suggested  what  Steinitz  (138)  has  now 
shown — ^namely,  that  alkalis  are  excreted  into  the  intestine,  and  in 
view  of  this  the  acidosis  must  be  regarded  as  "relative"  (see  p.  881). 
It  is  conclusively  shown  that  the  increase  in  ammonia  excretion  caused 
by  a  diet  rich  in  cream  can  be  explained  by  the  excretion  of  fixed  alkalis 
through  the  intestine.  The  increased  excretion  of  phosphorus,  which 
has  also  been  shown  to  occur  under  like  circumstances,  also  increases 
the  acidity  of  the  organism. 

Whether  abnormal  unoxidized  organic  acids  appear  as  intermediate 
products  of  metabolism,  or  in  the  urine,  and  increase  the  acidosis,  is  not 
clear.  Keller  was  unable  to  discover  any  such  acids,  and  their  existence 
is  not  a  priori  an  obvious  necessity,  as  it  seems  certain  that  the  tissues 
of  children  with  gastro-intestinal  diseases  have  a  diminished  oxidizing 
power.  At  any  rate,  Pfaundler  found  the  oxidation  power  of  the  liver 
for  salicylic  aldehyde  diminished  post-mortem.  Freund  (166)  found  an 
unusually  small  excretion  of  phenol  after  the  administration  of  benzol 
to  children.  In  any  case,  the  diminished  power  of  oxidizing  phenol, 
or  salicylic  aldehyde,  does  not  indicate  a  general  loss  of  oxidizing  power 
in  the  organism  as  a  whole,  and  the  results  obtained  by  Freund,  showing 
that  in  children  with  gastro-intestinal  disease  there  is  no  increase  in  the 
proportion  of  neutral  sulphur  compared  with  the  organic  phosphorus 
compounds,  does  not  support  the  view  that  the  metabolic  disturbances 
cause  any  decrease  in  general  oxidizing  power. 

To  sum  up  shortly  our  knowledge  of  the  course  and  significance  of 
acidosis  in  children  suffering  from  chronic  gastro-intestinal  disease,  the 
condition  is  one  of  relative  acidosis,  the  result  of  which  is  the  increased 
excretion  of  ammonia  by  the  kidney.  The  primary  event  is  the  increased 
excretion  of  alkalis  by  the  intestine,  brought  about  by  the  fat  taken  as 
food,  which  contributes  to  the  abnormal  processes  in  the  gut  in  so  far  as 
it  increases  alkali  excretion.  The  alkalis  are  got  rid  of  either  unchanged 
or  as  soaps ;  but  besides  this,  they  also  serve  to  neutralize  the  increased 
phosphoric  acid,  the  cause  of  which  is  the  simultaneous  increase  in  the 
amount  of  calcium  phosphate  combining  with  fat  to  form  a  calcium 
soap. 

The  importance  of  relative  acidosis  in  chronic  disturbances  of  nutrition 
in  infants  lies  in  the  loss  of  alkali.  For  the  growth  and  healtii  of  the 
child's  organism  the  retention  of  alkali  is  as  important  as  the  retention 
of  nitrogen,  phosphorus,  or  other  ndneral  substances.  If  it  is  withheld, 
or  a  loss  takes  place,  the  condition  of  the  body  can  neither  improve  nor 
remain  normal.  Under  these  circumstances,  owing  to  the  endeavour 
of  the  body  to  keep  its  relative  composition  unchanged,  failure  to 
increase  in  weight  or  loss  of  tissue  substance  occurs ;  and  since  growth 
in  height  can  take  place  even  when  the  body-weight  is  not  increasing, 
or  is  actually  decreasing,  eventuaUy  the  case  presents  the  clinical  features 
of  an  atrophy  which  is  alimentary  in  origin. 

The  theory  we  have  set  forth  of  the  origin  of  atrophic  conditions  in 
infants  on  an  alimentary  basis  corresponds  accurately  with  clinical 
experience.    We  see  atrophic  conditions  occurring  without  any  previous 
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toxic  or  infective  illness ;  merely  through  unsuitable  diet,  with  excess 
of  fat,  the  children  become  atrophic.  Neither  diarrhoea,  nor  vomiting, 
nor  general  symptoms  of  any  kind,  need  enter  into  the  symptom-complex, 
and  yet,  with  a  sufficient  supply  of  calories  and  complete  nitrogen 
assimilation,  the  weight  remains  the  same  during  long  periods,  or  even 
decreases  to  an  extreme  degree  when  a  secondary  infection  often  ensues 
and  masks  the  clinical  picture.  Moreover,  this  theory  of  the  causation 
of  atrophy  gains  support  from  the  results  obtained  by  a  definite  thera- 
peutic system.  Feeding  with  gruels  and  butter-milk  owes  its  excellent 
results  only  to  the  fact  that  these  foods  are  poor  in  fat,  and  that  the 
loss  in  calorie  value  due  to  fat  deficiency  is  made  up  for  by  sufficient 
amounts  of  easily  assimilated  carbohydrate.  Morse  (212)  did  not  find 
acetone  or  diacetic  acid  in  infants  under  two  years  of  age  who  were 
kept  for  twenty-eight  hours  without  food  for  therapeutic  purposes, 
nor  in  fifteen  infants  who  had  been  partially  starved  for  considerable 
periods.  It  is  remarkable  that  in  these  latter  cases  the  food  given  always 
contained  a  considerable  amount  of  carbohydrate.  Rothschild  (213) 
has  described  300  cases  of  fat  dyspepsia  in  infants,  some  of  whom  were 
breast-fed.  The  condition  is  one  of  chronic  entero-colitis.  Vomiting 
and  characteristic  stools  are  usually  present.  The  treatment  by  butter- 
milk is  satisfactory. 

The  deleterious  influence  of  fat  on  infant  metabolism  has  also  been 
recently  determined  by  other  considerations.  Salge  (97),  from  clinical 
observations,  came  to  the  conclusion  that  in  a  great  number  of  infants 
with  gastro-intestinal  disturbances  fat,  even  that  of  human  milk,  could 
not  be  tolerated.  The  theoretical  basis  for  this  was,  however,  arrived 
at  from  another  point  of  view.  He  thought  that  certain  bacteria, 
which  specially  influenced  the  fat  metabolism  of  infants,  played  a  part 
in  the  etiology  of  digestive  disturbances,  especially  in  acute  catarrhal 
enteritis.  In  catarrhal  enteritis,  which  is  characterized  clinically  by  the 
passage  of  frequent  acid,  watery  stools,  and  a  number  of  severe  nervous 
symptoms  (toxic),  Salge  found  the  B(zciUti8  acidophilus  of  Finkelstein  and 
Moro  invariably  present  in  the  motions.  This  bacillus  only  differs  very 
slightly  from  the  ordinary  ''  blue  "  bacillus  found  in  stools  of  normal 
breast-fed  children.  According  to  Salge,  this  bacillus  grows  better  on 
a  fatty  medium  than  on  ordinary  broth.  For  instance,  there  was 
luxuriant  growth  on  a  medium  containing  sodium  oleate,  which  substance 
was  decomposed,  lower  fatty  acids — propionic,  butyric,  acetic,  and 
formic — ^being  produced.  Toxic  symptoms  were  produced  both  by  the 
bacillus  and  by  an  extract  from  their  bodies.  Salge  was  of  opinion  that 
the  fat  taken  in  food  primarily  induced  abnormal  bacterial  decomposi- 
tion by  means  of  the  B.  acidophilus,  and  that  the  products  of  this  decom- 
position at  once  irritated  and  inflamed  the  gut,  and,  owing  to  their  acid 
character,  drew  off  the  fixed  alkali  from  the  system. 

Without  denying  Salge's  results,  we  would  briefly  point  out  that  it 
does  not  appear  to  us  possible  to  apply  results  obtained  in  vitro  directly 
to  the  living  organism.  For  though,  after  inoculating  a  broth  mixed 
with  the  salt  of  a  fatty  acid  with  B.  acidophilus,  and  allowing  this  to 
stand  for  some  days,  a  decomposition  of  the  fat  into  lower  fatty  acids 
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may  eventually  occur,  we  have  no  right  to  assume  that  the  same  process 
goes  on  in  the  living  organism.^ 

Moreover,  we  cannot  regard  as  above  criticism  Salge's  (199)  clinical 
reports  from  which  he  deduces  the  acute  deleterious  influence  of  fat  on 
the  general  health.  At  least,  the  clinical  histories  do  not  show  with 
certainty  that  it  is  the  fat  in  the  mother's  milk  which  produces  the 
deterioration  in  the  children's  condition. 

That  acidosis  is  present  in  children  suffering  from  catarrhal  enteritis 
is  established  by  researches  less  open  to  objection.  Langstein  and 
Meyer  (200)  found  that  the  faeces  in  these  acute  cases  contained  con- 
siderably more  volatile  fatty  acids  than  those  of  normal  or  chronically 
sick  infants.    The  faeces  passed  in  twenty-four  hours  by  healthy  infants 

N 
had  an  acidity  equal  to  30  c.c.  —  NaOH  at  most ;  the  same  from  infants 

N 
with  catarrhal  enteritis  reached  100  c.c.  — -  NaOH. 

10 

An  excretion  of  alkali,  due  to  the  increase  of  fatty  acids  in  the  stools, 
also  appears  in  infants  with  acute  nutritional  disturbances,  as  in  the 
chronic  conditions.  But  here  two  other  factors  appear  which  alter 
metabolism — namely,  hunger  and  a  disturbance  of  the  carbohydrate 
metabolism. 

This  disturbance,  which  finds  its  expression  in  the  excretion  in  the 
urine  of  lactose  and  galactose  [Langstein  and  Steinitz],  and  the  feeling 
of  hunger,  compel  the  child  with  catarrhal  enteritis  temporarily  to 
satisfy  his  calorie  wants  with  protein  and  fat  alone.  This  causes  an 
intermediary  acidosis,  which  in  its  turn  sets  up  an  increased  excretion  of 
ammonia  and  acetone  in  the  urine. 


A  diet  of  gruels  alone,  in  contradistinction  to  that  just  described,  is 
characterized  by  producing  its  bad  effects,  not  through  an  excess  of  one 
dietetic  principle,  but  through  deficiency  of  those  substances  which  are 
important  to  health.  We  have  already  pointed  out  that  the  ordinary 
liquid  gruels  which  are  often  given  to  infants  for  weeks  or  months,  with- 
out the  addition  of  milk,  contain  extremely  little  nitrogen.  Keller  (204) 
calculated  the  proportion  of  nitrogen  in  gruel  made  from  flour  as  0*06  per 
cent.  His  metabolism  experiments  further  showed  that  children  fed 
on  gruel  excreted  a  much  greater  amount  of  nitrogen  in  the  stools,  and 
failed  to  maintain  their  nitrogenous  equilibrium.  A  diet  of  gruel  thus 
carries  with  it  the  danger  of  deficiency  of  nitrogen,  but  this  danger,  as 
Keller  shows,  is  not  the  only  one.  Simple  gruels  all  contain  so  little 
chlorine  and  sodium  that  they  cannot  under  any  conditions  satisfy  the 
needs  of  the  infant  organism  for  these  substances.  As  also  mothers — at 
least,  in  this  country — usually  omit  to  add  salt  to  gruel,  a  chlorine 
hunger  is  added  to  the  nitrogen  hunger,  and  this,  according  to  Keller, 
may  reach  such  a  degree  that  the  excretion  of  chlorides  by  the  urine  is 

^  Gompore  the  similar  objection  to  the  test-tube  experiments  of  Schlossmann  (14). 
which  Heubner  (129)  raised  with  regard  to  the  discussion  on  the  absorbability  of  grueL 
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completely  arrested.  Both  these  processes — ^want  of  protein  and  want 
of  chlorides — easily  produce  disturbances  of  metabolism  which  can  be 
distinguished  from  other  gastro-intestinal  affections  both  by  their  clinical 
symptoms  and  by  the  ease  with  which  they  yield  to  treatment. 


Another  example  of  abnormal  metabolism  which  is  almost  exclusively 
observed  in  children  between  the  ages  of  six  and  twenty-four  months 
is  the  so-called  Barlow's  disease,  which  must  be  reckoned  as  one  form  of 
scorbutus.  This  is  considered  a  metabolic  disorder,  as  its  onset  is 
induced  by  the  nature  of  the  food,  and  cure  can  be  effected  by  a  change 
in  diet.  No  researches  exist  which  throw  any  light  on  the  pathogenesis 
of  Barlow's  disease.  All  the  observations  recorded  in  the  literature 
deal  with  the  determination  of  the  kind  of  diet  which  produces  scorbutus 
and  that  by  which  it  may  be  cured.  Hutchison  (214),  in  an  attempt  to 
throw  further  light  on  the  etiology  of  the  condition,  dialyzed  fruit-juice, 
and  gave  the  crystalline  and  colloid  portions  separately  to  children 
suffering  from  infantile  scurvy.  He  found  that  the  crystalline  con- 
stituents alone  had  not  any  therapeutic  influence.  But  the  administra- 
tion of  potassium  tartrate,  citrate,  and  malate  (the  chief  salts  occurring 
in  fruit-juice)  in  considerable  doses  has  but  slight  action  in  arresting 
the  disease.  A  priori  he  considers  that  the  citrates  are  probably  the 
salts  chiefly  concerned.  On  boiling  the  more  soluble  amorphous  calcium 
citrate  in  milk,  it  separates  out  in  crystalline  form.  However,  calcium 
citrate  has  even  less  therapeutic  value  than  potassium  citrate.  Hutchi- 
son has  shown  that  there  is  no  reduction  in  the  coagulability  of  the 
blood  in  infantile  scurvy.  He  quotes  Sir  A.  E.  Wright,  who  has  examined 
the  blood  as  to  its  alkalinity  both  in  infantile  scurvy  and  in  cases  in  adults, 
and  in  both  found  a  diminution  of  alkalinity.  The  cereal  foods  yield  a 
more  acid  ash  than  does  milk. 

Experience  shows  that  Barlow's  disease  is  almost  entirely  limited  to 
artificially  fed  children,  but  it  is  observed  with  very  varied  kinds  of  diet. 
All  the  cases,  however,  have  the  common  characteristic  that  for  a  long 
period  the  same  food  has  been  used,  and  that  a  "  denaturalized  "  one. 
The  correctness  of  the  supposition  that  though  denaturalization 
changes  are  produced  in  the  food  which  set  up  scorbutus,  is  shown  by 
the  fact  that  a  change  to  fresh,  raw,  or  only  slightly  boiled  milk  and 
fresh  vegetables  brings  the  symptoms  to  an  end.  The  denaturalization 
of  the  food  cannot  alone  be  regarded  as  the  cause  of  scorbutus,  as  only  an 
infinitesimal  proportion  of  the  children  who  are  fed  on  denaturalized 
food  get  scorbutus.  We  can  only  assume  that  there  is  some  special 
liability  to  the  disease. 


It  follows  from  our  remarks  that  there  are  still  many  questions  on 
the  subject  of  the  metabolism  of  children  which  await  elucidation.  The 
results  set  forth  already  are  constantly  showing  how  disturbances  of 
metabolism  may  be  approached  by  means  of  exact  research.    Only 
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when  our  knowledge  of  the  nature  of  the  varioua  metabolic  anomaUee 
caused  by  fat,  protein,  carbohydrate,  water,  and  salts,  is  large  enough 
to  enable  us  in  each  individual  case  to  completely  analyze  all  the  symp- 
toms will  the  time  come  to  turn  our  eyes  on  the  goal  of  modem  psediatrics 
— namely,  the  construction  of  a  B3rstem  of  diet  for  health  and  disease  based 
on  scientific  principles. 
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CHAPTER  Vm 

MINERAL    WATERS    AND    METABOLISM 

By  carl  voh  NOORDEN  and  C.  DAPPER. 
Tbanslatbd  bt  J.  A.  Nixon,  B.A.,  M.B.,  M.R.C.P. 

Although  many  of  the  points  in  this  chapter  are  dealt  with  in  other 
parts  of  the  work,  the  details  are  so  scattered  that  it  is  worth  while 
running  the  risk  of  repetition  in  order  to  deal  comprehensively  with  the. 
important  subject  of  mineral-water  treatment  and  its  effect  upon 
metabolism,  for  both  the  theory  and  practice  of  Una  subject  have  entered 
largely  into  every  branch  of  medicine.  But  the  very  wealth  of  the 
literature  makes  it  incumbent  upon  us  to  sift  with  the  greatest  care  the 
facts  from  the  fancies,  since  even  the  most  modem  work  on  the  subject 
in  many  instances  scarcely  rises  above  the  level  of  purely  superficial 
compilation. 

Valuable  scientific  work  has,  however,  been  published  during  the 
last  ten  years  in  spite  of  the  enormous  output  of  worthless  pseudo- 
scientific  writings  which  mislead  the  inexpert.  A  clamorous  jargon 
has  been  invented,  which  includes  apparently  learned  expressions  about 
delayed  or  increased  metabolism,  oxidation,  assimilation,  protein  balance, 
molecular  disint^ration,  ions,  osmosis,  radio-activity,  and  the  like ; 
without  these  no  twentieth-century  advertisement  is  complete.  The 
truth  is  that  so  little  is  known  of  the  bearing  of  mineral  waters  on  bio- 
logical processes  that  most  of  the  statements  in  balneological  literature 
may  be  stigmatized  as  idle  make-believe.  When  we  pick  out  from  the 
trash  the  material  of  real  value  which  can  help  to  settle  the  many  points 
under  discussion,  very  little  remains  at  our  disposal,  and  of  this  a  certain 
proportion  wiU  be  found  treated  of  in  other  chapters,  especially  the 
volume  on  physiology  and  the  section  on  pharmacology  [c/.  also  Olax  (1)]. 

Without  entirely  neglecting  the  other  aspects,  this  chapter  will  be 
devoted  mainly  to  the  general  therapeutic  effects  of  mineral  waters,  for 
it  has  not  been  determined  how  far  the  combined  action  of  their  indi- 
vidual constituents  as  ascertained  by  chemical  analysis  coincides  with 
the  action  of  the  natural  waters  themselves  (2). 

The  hopes  raised  by  the  new  physical-chemical  methods  first  appUed 
to  mineral  waters  by  Koppe  (3)  have  not  been  realized,  and  the  many 
contradictions  between  theory  and  practice  are  still  unexplained;  yet 
the  value  of  the  modem  work  must  not  be  cried  down  because  its  prac- 
tical application  is  not  immediately  apparent  (4).    Far  less  must  the 
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new  aspects  be  rashly  exploited  as  some  novel  gospel  of  balneology.  A 
superficial  and  discreditable  literature  has  sprung  up,  which  trades 
upon  the  catch-word  *'  metabolism,"  just  as  a  previous  generation  of 
charlatans  misapplied  the  magnificent  achievements  of  Bischoff,  von 
Voit,  and  von  Liebig.  Li  the  meantime  it  must  be  allowed  that  many 
empirical  facts  which  as  yet  cannot  be  made  to  harmonize  with  the 
requirements  of  exact  science  merit  some  attention  as  proven  facts  (5), 
but  there  is  no  justification  for  perverting  both  facts  and  science  into 
fearful  and  wonderful  hypotheses. 


I.— BALANCE  OP  ENERGY. 

When  the  numerous  statements  that  certain  mineral  waters  can  affect 
the  metabolism  in  one  direction  or  another  are  traced  to  their  funda- 
mental facts,  it  is  found  that  they  are  based  upon  a  slight  increase  in  the 
output  of  urea  as  the  result  of  free  water-drinking  under  certain  con- 
ditions. From  this  is  argued  an  increase  in  the  processes  of  oxidation, 
whOe  colour  is  lent  to  the  idea  from  the  undoubted  action  of  alkalis  in 
promoting  the  oxidation  processes  in  the  chemical  laboratory. 

Li  this  way  might  the  value  of  '*  water-cures  "  in  obesity,  gout,  and 
diabetes  be  explained;  for  the  stimulation  of  the  oxidizing  processes 
should  increase  the  fat  balance,  the  formation  of  urea  from  uric  acid, 
and  the  process  of  glycolysis  and  oxidation  of  sugar. 

A.— PLAIN  WATER. 

Water-drinking  undoubtedly  affects  the  consumption  of  energy,  but 
only  to  a  slight  extent,  and  quite  temporarily ;  very  large  quantities  of 
water  must  be  taken  to  produce  even  this  slight  effect.  At  present  the 
potential  energy  exerted  by  the  intestines  in  absorption,  the  heart  in 
circulation,  or  the  glands  in  excretion  of  the  additional  bulk  of  water 
cannot  be  estimated.  Bidder  and  Schmidt  (6)  found  in  a  cat  that  the 
inorganic  balance  (measured  by  00^)  was  not  increased  by  drinking 
very  large  quantities  of  water.  Loewy  (7)  confesses  that  the  slight 
increase  in  the  oxygen  consumption  he  found  in  the  human  subject  after 
small  amounts  of  cold  water  (100  c.c.)  were  quite  within  the  limits  of 
experimental  error. 

Speck  (8)  made  an  interesting  observation :  If  a  large  quantity  of  water 
18  drunk  at  intervak  during  the  night  before  the  experiment  (which  was 
carried  out  before  breakfast),  it  does  not  affect  the  oxygen  consumption, 
CO2  output,  or  heat  production  ;  but  if  the  same  amount  (1,250  c.c.)  is 
taken  at  once  just  before  the  experiment,  each  of  these  is  considerably  in- 
creased. The  difference  amounted  to  about  8  per  cent,  (oxygen  increased 
from  the  normal  301  to  325).  These  results  are  confirmed  by  some  un- 
published researches  carried  out  by  Schmidt  under  von  Noorden's  direc- 
tion. After  drinking  1  litre  of  water  (at  12^  C.)  the  oxygen  consumption 
rose  in  a  quarter  of  an  hour  to  41-2  c.c.  (20  per  cent.),  falling,  however, 
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to  normal  after  three-quarters  of  an  hour.  The  total  increase  amounted 
to  1,200  to  1,800  c.c.  oxygen,  representing  5*8  to  8-6  calories,  but  this  is 
much  too  little  to  be  reckoned  as  a  factor  in  increasing  metabolism. 

Such  a  state  of  affairs  only  occurs  after  drinking  much  greater  quan- 
tities of  water  than  come  within  the  range  of  practical  treatment.  Von 
Noorden  (6)  gives  the  following  example  :  A  boy,  aged  ten  years,  suffer- 
ing from  diabetes  insipidus,  for  whom  1,500  calories  was  ample  nourish- 
ment, drank  daOy  about  8  litres  of  water  besides  that  contained  in  his 
"  soUd  "  food ;  the  warming  of  this  from  12^  C.  to  body-heat  requires 
alone  200  calories,  equivalent  to  an  increased  exchange  of  about  13  per 
cent.,  without  considering  at  all  the  increased  demands  imposed  by  the 
additional  work  of  the  intestines  and  glands. 


B.— SALT  SOLUTIONS  AND  MINERAL  WATERS. 

Only  aperient  waters  have  been  investigated ;  their  effect  on  the 
stomach  and  intestines  is  greater  than  that  of  plain  water  (glandular 
activity  and  peristalsis),  and  while  their  effect  lasts,  the  rate  of  metabolism 
18  increased.  A  table  of  Loewy's  is  appended,  giving  the  results  of 
administering  7*5  to  15*0  grammes  of  Glauber  salts  in  200  c.c.  of  water  : 

IirCRBASSD  OXTOXN  CoiTSUMFnON  PXB  MiKUTX. 


Period, 

Minmum, 

Maximunu 

Average. 

Minute*. 

C.C. 

CC. 

e.c 

16 

-   4-7 

+  58-6 

+  18-1 

30 

+  34-7 

-»-34-7 

+  34-7 

46 

+  0-7 

-h84-3 

+  16-1 

60 

-   1-7 

+  29-7 

+   8-4 

75 

-27-2 

+  81-7 

+  7*1 

90 

-h  30 

+  68-8 

+  20*3 

105 

-200 

-  6-2 

-131 

The  individual  results  vary  so  much,  and  the  number  of  observations 
is  so  small,  that  it  would  be  misleading  to  take  these  averages  as  con- 
clusive ;  they  make  it  appear  that  in  the  first  ninety  minutes  an  average 
of  1,270  c.c.  of  oxygen  was  consumed  in  excess  of  the  amount  without 
the  administration  of  Glauber  salts,  an  increase  of  6-0  calories.  Accord- 
ing to  this  reckoning,  1  litre  of  oxygen  corresponds  to  4,831  calories  or 
0-5  gramme  of  fat.  - 

Salomon  determined  the  minimal  metabolism,  and  then  administered 
750  c.c.  Kissingen  Bakoczy  water  at  a  temperature  of  12^  C.  This 
quantity  was  drunk  in  four  minutes,  and  there  resulted  the  following 
increased  consumption  of  oxygen  : 

First  ezperimDnt,  within  195  minntea,  4,932  o.o.=25'3  o.o.  per  minute. 
Second        „  „      150        »        3,210   „  =21-4      „ 

In  the  first  case  the  total  number  of  calories  liberated  by  the  mineral 
water  taken  was  23*8,  and  in  the  second  15-5  (»  2*5  and  1*7  grammes  of 
fat  reqieotively). 
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Both  Loewy  and  Salomon  found  a  short  period  of  dimmished 
oxygen  intake  immediately  after  the  period  of  excitation  in  many 
cases. 

There  does  not  seem  to  be  so  definite  a  law  governing  the  amount 
of  increase  in  the  case  of  water  as  there  is  for  solid  food  :  temporary  and 
individual  variations  in  the  susceptibility  of  the  alimentary  canal  may 
account  for  the  differences.  The  recent  investigations  in  Frankfurt  tend 
to  prove  the  correctness  of  clinical  experience  that  the  mineral  waters 
which  stimulate  the  intestines  do  actually  "increase  metabolism." 
Theoretically  it  seems  conceivable  that  this  increase  not  only  concerns 
the  "  resting  value  "  (minimal  exchange),  but  that  as  soon  as  the  oxida- 
tion processes  are  stimulated  in  any  direction — t,g.^  the  intestines — all 
the  others  share  in  the  excitation  (a  "  dynamic  influence/'  as  Buhner 
describes  it) ;  but  this  needs  further  proof,  and  it  must  be  remembered 
that  nothing  is  yet  known  concerning  the  individual  effects  of  the  bulk  of 
water,  its  temperature,  constituent  salts,  molecular  concentration,  and 
CO2  contents. 

Many  other  factors,  muscular  action,  baths,  etc.,  contribute  to  the 
treatment  at  health  resorts,  and  all  of  these  tend  to  raise  the  exchange  of 
energy,  while  the  water-drinking  takes  an  important  share  in  the  general 
effect,  especially  by  its  action  on  the  stomach  and  intestines,  which  aids 
in  the  carrying  out  of  the  diet  prescribed. 

Loewy  (10)  has  recently  found  in  a  castrated  dog  that  the  gaseous 
exchange  was  increased  30  per  cent,  when  3  grammes  of  soda  (0*23  gramme 
per  kilogramme)  were  administered  daily ;  but  in  a  second  experiment 
he  found  no  such  increase.  However,  such  quantities  as  this  are  never 
given  in  any  "  water-cures." 

Previous  mention  has  been  made  of  the  alkalis.  The  test-tube  experi- 
ments upon  their  catalytic  influence  in  fermentation  do  not  concern  us 
here  [Schade  (11)],  less  still  their  power  of  preventing  the  oxidation  of 
uric  acid  and  the  breaking  down  of  sugar. 

Since  facts  and  not  h3rpotheses  are  our  only  interest  at  present,  we 
must  be  content  with  recognising  the  possibility  that  the  continued 
administration  of  a  particular  mineral  water  may  alter  the  inorganic 
composition  of  the  tissues,  and  that,  consequently,  the  breaking  down 
or  building  up  of  some  individual  '*  atom-complex  "  (sugar  or  uric  acid) 
may  be — catalytically,  perhaps — ^hastened  or  retarded. 
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II.— PROTEIN  METABOLISM. 

An  explanation  has  been  given  in  the  volume  on  Physiology  (Vol.  I., 
p.  402)  of  a  phenomenon  which  frequently  oocurs  when  larger  quantities 
of  water  are  taken  than  usual,  and  von  Noorden  has  shown  that  the  in- 
creased nitrogenous  excretion  seen  during  the  first  few  days  is  not  really 
an  indication  of  increased  protein  disintegration,  but  may  be  compared  to 
a  complete  clearing  out  of  all  residual  waste  products  which,  under  other 
circumstances,  are  not  necessarily  excreted  immediately  they  are  formed. 
This  can  be  observed  in  certain  diseases  where  too  little  water  is  drunk 
[Mohr  (1)].  Among  the  pseudo-scientific  virtues  which  cure  attributed 
to  every  marketable  mineral  water  the  fact  is  always  paraded — ^which  no 
one  denies  (2) — ^that  the  water  promotes  the  output  of  waste  albumin 
products,  and  to  this  is  added,  '*and  therefore  increases  the  rate  of 
protein  metabolism,"  a  process  which  is  neither  proved  to  exist  nor, 
when  present,  to  be  beneficial.  Still,  it  sounded  well,  and  made  a  good 
catch-phrase,  until  von  Noorden  and  Dapper  (3)  demonstrated  that 
occasionally  as  the  result  of  "water-cures"  the  output  of  proteins 
really  did  exceed  the  intake  with  unpleasant  and  damaging  effects  on 
the  subject  of  the  cure,  in  whose  individual  case  the  water  practically 
behaved  as  a  poison ;  dismay  seized  upon  the  '^  prospectus  writers,"  and 
the  best  advertisements  now  read,  *'  These  waters  are  guaranteed  to 
have  no  effect  on  the  protein  metabolism "  !  There  are  very  few 
researches  of  any  value  on  this  point.  The  earUer  work  on  Friedrioh- 
shall  water  was  contradictory  (4),  von  Mering  alone  finding  the  daily 
output  of  urea  a  Uttle  above  the  normal.  Of  course,  the  methods  were 
not  at  all  in  accordance  with  the  standard  required  to-day  for  similar 
investigations,  an  objection  which  may  be  urged  against  London's  (5) 
otherwise  most  exact  research  with  Carlsbad  water;  for  the  food  was 
only  weighed,  not  analyzed,  so  that,  as  the  author  admits  himself,  the 
considerable  decrease  of  nitrogenous  output  cannot  be  accepted  as 
absolutely  proved.  Improved  methods  make  Leva's  (6)  work  on  Tarasper 
water  of  more  importance. 
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Table  of  Nitbogbn  Output  m  Uriks  akd  Fjbobs.    Food  Nitboobn  istdcatxd 

AT  18*69  Grammes. 


Without  Tarasper  water  18-78 

With  400  grammes  Lucius  spring  water  18-81 

„     400  grammes  plain  water  . .  19-60 

„     800  to  1,000  grammes  Locios  water       21-40 

„     800  to  1,000  grammes  plain  water         20-60 

Leva  considered  that  increased  amounts  of  Lucius  water  (period  4 
and  after-period  5)  caused  an  increase  in  the  protein  balance ;  he  even 
suggests  a  "loss  of  muscle  substance."  Seeing  how  few  experiments 
upon  nitrogen  output  exist,  greater  importance  attaches  to  an  accurate 
measurement  of  nitrogen  intake,  but  Leva  only  made  a  single  analysis 
of  the  total  food  nitrogen  before  the  food  had  been  cooked.  Since  milk 
and  uncooked  food  together  made  up  10  grammes  nitrogen,  or  half  the 
intake,  their  variations  alone  might  account  for  more  than  the  whole 
variation  in  the  protein  balance.  Leva  himself  points  out  the  objection 
as  a  warning  of  the  way  in  which  a  painstaking  research  may  be  robbed 
of  its  value  by  a  very  slight  flaw  in  the  method.  Later  experiments 
with  other  waters  make  it  difficult  to  suppose  that  Tarasper  water  really 
possesses  unique  properties  of  disturbing  the  protein  balance.  The 
general  tendency  to  an  increased  nitrogen  output  depends  on  the  small 
"  calorie  intake.'' 

Genth's  (7)  experiments  on  Langenschwalbach  Weinbnmnen  water 
(carbonate  of  iron)  are  interesting,  although  incomplete  (no  analysis  of 
food  and  fnces). 

Urea.  Period. 

Constant  diet  wi&ont  water  89*8  grammes         6  days. 

„        „      with  1»000  grammes  plain  water    . .     41-9         „  7     •> 

„        „      with  1,000  grammes  iron  water      . .     42-5         „  14      „ 
„        „      without  water  (after  period)           . .     39-7         „  3     ,. 

Genth  arrives  at  the  conclusion  that  with  this  water  an  increase  of 
oxidation  and  disintegration  of  the  proteins  take  place,  so  that  great 
caution  should  be  exercised  in  {prescribing  it  for  ansemic  girls.  So  sweep- 
ing an  assertion  requires  a  surer  foundation  than  the  faulty  methods 
on  which  this  is  based. 

The  first  series  of  investigations  where  errors  in  method  were  excluded 
was  undertaken  by  von  Noorden  (3)  and  Dapper  (8)  on  the  subject  of 
metabolism  and  obesity  in  1893.  The  Kissingen  Bakoczy  and  bitter 
waters  were  used,  and  the  question  of  storing  up  of  proteins  was  carefully 
considered  from  every  standpoint.  Li  the  short  communication  made 
at  the  Berlin  Medical  Congress  von  Noorden  said  :  "  Li  spite  of  all  that 
has  been  written  about  the  increase  of  urea  excretion  with  these  waters, 
there  is  absolutely  no  evidence  of  increased  protein  disintegration." 
Since  the  experiences  of  various  authorities  were  so  contradictory,  Katz  (9) 
undertook  to  examine  the  same  problem  with  the  stronger  saline  water 
of  the  Harzburg  Crodo  Spring,  and  in  order  to  make  the  external  con- 
ditions as  unlike  as  possible,  he  did  not  work  in  von  Noorden's  laboratory, 
but  in  the  Zuntz  Listitute.    These  and  all  the  later  experiments  per- 
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formed  with  reliable  methods  gave  the  same  negative  result,  although 
in  many  instances  the  subjects  would  not  be  considered  very  favourable 
so  far  as  stability  of  protein  balance  is  concerned  (oases  of  obesity  and 
severe  diabetes).  The  conditions  were  uniform  throughout  these  exhaus- 
tive investigations.  Examples  of  the  available  figures  on  this  subject 
are  recorded  in  the  following  table  : 


Disease, 


Obenty  [Dapper 
(10)] 


Healthy  Bubjeot 
[Kate] 


Ghlorosifl 
[Henina  (11)] 


Obesity  [Lodwig 
(12)1 


Period. 


Dsya. 
I  14 


[4.  (fore* 
period) 


3 

f  7  (fore 
•{period) 
[  22 


Food 

Niiroffen. 


Om. 
14-86 
14-72 

14-90 


1714 

17-14 

17-14 

11-5 

11-7 


15-65 
1816 


Intake  in 
Calories. 


1,491 
1,292 

1.167 


2.918 

2.918 

2.918 
1.811 
1.811 


2.487 
2.487 


Nitrogen 

Balance 

(Average 

per  Dion) 


Om. 
+  014 
+  0-46 

+  0-61 


+  1-68 

-hl-36 

-hl-69 
+  0-35 
-hO-35 


-0-58 
+  019 


Remarks, 


No  mineral  water. 

400  to  900  CO.  Rakoczy 

daily. 
300  to  900  C.C.  Rakoczy 

and  200  o.c.  Kiasingen 

bitter  water. 

No  mineral  water. 

fl  day.    420  o.c.  Grodo 
water. 
4  days.     1,050  o.c.  Grodo 
water. 
No  mineral  water. 

No  mineral  water. 

300  to  800  0.0.  Val  Sinis- 
tra water  daily. 

No  mineral  water. 
1.500  o.c.  Carlsbad  Muhl- 
bnumen  daily. 


Further  experiments  with  Carlsbad,  Apenta,  Ifergentheim,  and 
Levico  waters  gave  similar  results  (13).  In  a  few  other  instances  a  very 
small  nitrogen  loss  was  observed.  This  was  partly  within  the  limits  of 
experimental  error  and  partly  due  to  the  washing  out  of  residual  waste. 
It  may  be  accepted  as  certain  that  mineral  waters  containing  sodium 
chloride  and  neutral  salts  do  not  increase  the  rate  of  albumin  metabolism. 
As  regards  arsenical  waters,  one  thing  only  is  known — namely,  that  pro- 
tein assimilation  is  favourably  affected  (11,  13,  14);  there  are  no  exact 
figures  dealing  with  iron-containing  waters. 
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m.— INFLUENCE  OF  MINERAL  WATERS  ON  THE  STOMACH. 

A.— CHANGES  IN  MOLECULAR  CONCENTRATION. 

Winter  and  Koppe  (1)  have  made  a  special  study  of  the  molecular 
concentration  of  secretions  generally.  In  their  researches  on  the  gastric 
juice  they  found  the  molecular  concentration  in  the  starving  state  was, 
on  an  average,  -0-45°  (lowering  of  freezing-point,  or  A).  Strauss  (2) 
has,  however,  placed  the  normal  at  -038^,  and  Pfeiffer  and  Sommer  (3) 
in  exceptional  cases  found  it  as  low  as  -0-55^.  It  appears,  therefore, 
that  —  0-45°  may  be  regarded  as  a  fair  average. 

The  following  table  gives  some  of  Strauss's  results  : 


Disease. 

Cases, 

Molecular  Caneentration. 

Hypersecretion 

Atony  with  hypochlorhydria     . . 

ri3 

■    12 
I    2 

A=-0-35«to  -0-39* 
A=-0-46®  or  over 
A=- 0-45°  to  -0-50° 
A=-0-60«to  -0-55** 

Strauss  and  Roth  (4)  advance  the  view  that  after  food  the  organism 
strives  to  establish  a  molecular  concentration  of  its  contents,  in  which 
A=  —0-45°  by  a  process  of  ebb  and  flow.  This  figure  they  regard  as  the 
physiological  optimum  which,  when  reached,  is  maintained  (the  so-called 
'*  gastro-isotonic  "  concentration).  They  suggest  that  directly  this  point 
is  departed  from  the  secretion  of  hydrochloric  acid  and  ferments  begins. 
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In  the  stomach  the  optimum  of  molecular  concentration  (-0*45°) 
is  materially  different  from  that  of  the  blood-serum  ( -0*56°).^ 

The  presence  of  hydrochloric  acid  in  the  stomach  probably  accounts 
for  some  part  of  the  variation  ;  in  the  blood-serum  the  chlorides  may  add 
about  —  0-36^  to  A,  a  figure  which  approaches  that  of  the  gastric  juice. 

The  variations  in  the  molecular  concentration  in  the  stomach  due  to 
the  ingestion  of  food  can  be  well  studied  with  saline  solution  or  mineral 
waters.  According  to  Strauss  and  Roth,  there  are  three  processes  working 
in  combination : 

1.  Diffusion  takes  place  between  the  blood  and  the  stomach  contents, 
in  order  to  equalize  the  differences  in  the  total  and  partial  osmotic  pres- 
sures of  the  ingesta  and  components,  bringing  them  to  the  level  of  the 
blood. 

This  process  is  guarded  by  the  fact  that  the  water  does  not  pass  from 
the  stomach  to  the  blood  [von  Mering  and  Moritz  (6)],  although,  accord- 
ing to  Bonniger  (6),  a  slight  absorption  of  water  may  take  place. 

2.  A  diluting  secretion  (Verdunnungaaekreticn)  exudes  from  the 
mucous  membrane,  and  tends  to  lower  the  osmotic  pressure,  even  in 
opposition  to  the  mere  physical  forces  at  work.  This  involves  some 
expenditure  of  energy  comparable  to  that  required  in  the  kidney  to  pro- 
duce a  secretion  having  a  higher  osmotic  pressure  than  the  blood-serum. 

3.  A  specific  digestive  secretion,  produced  by  the  glandular  epithelium 
(HQ  and  ferments),  whose  effect  is  to  raise  the  osmotic  pressure,  and  in 
some  d^ree  to  counteract  the  "  diluting  secretion." 

Strauss  and  Roth  further  found  that — 

(a)  On  the  introduction  into  the  stomach  of  fluids  having  a  higher 
osmotic  pressure  than  the  blood  (hypertonic),  proc^es  1  and  2  take 
place  until  the  stomach  contents  have  reached  the  optimum  (gastro- 
isotonic  concentration).  No.  3  is  for  the  time  being  delayed.  The 
general  effect  is  that  the  stomach  retains  its  contents  for  a  longer  time 
during  this  process  of  adjustment  than  is  required  when  the  molecular 
concentration  of  the  ingesta  is  lower  to  begin  with. 

(6)  With  blood-isotonic  solutions  the  process  of  diffusion  goes  on 
between  the  individual  constituents,  but  is  outbalanced  by  the  diluting 
secretion,  so  that,  in  spite  of  contrary  physical  impulses,  a  hypotonic 
solution  is  actually  produced.  The  specific  secretion  (No.  3)  appears 
earlier  than  in  the  former  case. 

(c)  The  results  with  blood-hjrpotonic  solutions  are  not  uniform. 
Sometimes  the  diluting  secretion  seems  to  gain  the  upper  hand,  and 
cause  a  still  further  reduction  of  osmotic  pressure;  occasionally  the 
specific  secretion  preponderates,  and  raises  the  total  concentration  almost 
to  isotony.  The  amount  of  specific  secretion  is  greater  with  hypo-  than 
with  hypertonic  solutions. 

Having  studied  the  behaviour  of  simple  solutions,  that  of  the  mineral 
waters  were  next  investigated.    Strauss  (7)  states  that  the  stay  of  a 

^  In  dogs  a  Bimilar  differenoe  eziste  [Sasaki,  36] : 

Blood  A        =  -0-60*' to -0-62* 

A  of  gastric  jutoe  after  "  sham-feediiig"  with  beef  «  -0-46°  to  -0-57^ 

Average -0-63® 
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mineral  water  in  the  stomach  is  more  protracted,  and  the  appearance  of 
HCl  retarded,  when  the  molecular  concentration  of  the  water  is  high. 
Von  Kostkewicz  (8)  has  shown  that  almost  every  mineral  water  used 
medicinally  or  at  table  is  either  isotonic  or  hjrpotonic ;  in  table  waters 
where  we  are  free  to  choose,  preference  is  instinctively  given  to  a  water 
of  low  molecular  concentration  if  the  osmotic  pressure  of  the  food  is  high, 
or  else,  to  arrive  at  the  same  conditions,  the  richer  our  food  the  more 
salt  we  eat — a  natural  and  empiric  practice  based  upon  the  physiological 
needs  of  the  organism.  It  is  now  possible  to  appreciate  how  it  is  that 
some  very  sensitive  patients  complain  that  certain  waters,  such  as 
Salzschlirf  Bonifacius,  Tarasp  Lucius,  and  Homburg  Elizabeth  Spring, 
which  have  a  relatively  high  molecular  concentration,  "  lie  heavy  on  the 
stomach  ";  from  clinical  experience  the  Elizabeth  Spring  is  known  to  be 
unsuitable  in  cases  of  chlorosis  with  hypersBstheeia  of  the  stomach. 

Waters  of  this  class  require  a  longer  diluting  period  in  the  stomach,  so 
that  the  length  of  stay  in  the  stomach  becomes  a  question  of  quality,  not 
quantity.  According  to  Pfeiffer  and  Sommer,  waters  containing  sulphate 
of  magnesia  and  bitter  waters  generally  remain  much  longer  in  the 
stomach  than  do  solutions  of  sodium  chloride  having  the  same  osmotic 
pressure. 

'Kostkewicz  gives  the  following  table  of  some  of  the  principal  waters, 
arranged  according  to  their  molecular  concentration  : 

Name.  A. 

KiflBingen  bitter  water  -1-110° 

Friednohahall  bitter  water -l-OSCf 

Apenta  water -1-016** 

SalzBchlirf  Bonif aoiuB -0-892° 

Tarasp  Lucius  Sprina  -O-eSXf 

Homburg  Elizabeth  Spring -0-627° 

Wiesbaden  Kochbrunnen -0-483° 

Kiasingen  Rakoozy -0-470° 

Marienoad  Kreuzbnmnen -  0-436° 

Vichy  Grande  Grille -0-330° 

Carlsbad  Sprudel        -0-275° 

Wildungen  Helene  Spring -0-230** 

Homburg  Louisa  Spnng        -0-217° 

EmsKranohen  -0170° 

Fachingen        -0-155° 

Leyico -0-112° 

Neuenahr  Sprudel -0-087° 

Roncegno         -0030° 

Schwalbaoh'chalybeate  -0-026° 

A  brief  outline  of  Strauss's  experiments  will  illustrate  the  changes  in 
molecular  concentration  which  occur  in  the  stomach : 


Water. 

Amount 
Taken. 

A  of  Mineral 
Water. 

A  of  Besidue  after 
40  Mimutee. 

AmowUof 
ResidMeafier 
40  MinvUe. 

Apenta     . . 
PnUnaer  bitter 

water 
Karlsbad  Felsen.. 

0.0. 

400 

400 
400 

-102° 

-0-69° 
-0-26° 

-0-76° 

-0-46° 
-0-32° 

ao. 
266 

110 
30 
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Pfeiffer  and  Sommer,  working  edmultaneoualy  with  Strauss,  found 
that  isotonic  solutions  tend  to  remain  isotonic,  and  that  hypotonic  solu- 
tions do  not  become  still  further  diluted,  but  rather  tend  to  increase  in 
molecular  concentration.  In  some  individuals  great  disparity  of  results 
were  obtained,  even  though  the  general  tendency  was  in  accordance  with 
this  rule.  The  conclusion  may  be  accepted  that  the  higher  the  molecular 
concentration  of  a  fluid,  the  longer  will  be  its  stay  in  the  stomach.  In  a 
later  research,  Pfeiffer  (10)  demonstrates  that  a  dilution  of  isotonic 
fluids  occurs,  and  concludes  that  as  the  result  of  the  combined  effects  of 
physical  forces  and  cellular  activity  the  stomach  strives  to  impart  to  its 
contents  a  molecular  concentration  of  about  -0-45^.  Strauss  con- 
siders that  very  dilute  solutions — i.e.,  with  freezing-point  about  -0-35^ — 
become  still  further  diluted.  Bonniger  (6)  does  not  confirm  this,  how- 
ever. In  his  experiments  with  rabbits,  he  took  the  precaution  of  ligatur- 
ing the  cardiac  and  pyloric  orifices,  so  as  to  exclude  all  extraneous 
influences  from  the  digestive  processes.  By  this  method  the  striking 
undulations  of  fluids  and  salts  which  Strauss  described  were  entirely 
absent.  The  stomach  practically  does  not  change  the  molecular  con- 
centration of  its  contents  in  any  way,  or  at  most  very  slightly,  in  the 
direction  of  the  osmotic  pressure  of  the  blood.  There  was  no  trace  of 
Strauss's  "  diluting  secretion." 

Similar  observations  made  in  a  man  with  non-malignant  pyloric 
stenosis  gave  the  like  negative  results. 

Bonniger  absolutely  contradicts  Strauss,  and  maintains  that  the 
**  diluting  secretion  "  does  not  exist,  but  that  the  dilution  observed  was 
only  due  to  the  saliva  swallowed.  This  fact  he  further  demonstrated 
upon  himself.  Saline  or  grape-sugar  solutions  whose  A  was  —0*53^ 
to  —0*646''  yielded  -0-46''  or  —0-60''  after  a  certain  length  of  time  in 
the  stomach.  If,  however,  a  stomach-tube  was  retained  in  the  oeso- 
phagus during  the  course  of  the  experiment,  so  as  to  prevent  the  swallow- 
ing of  saliva,  the  figures  at  the  end  were  —0-60®  to  —  0-66®. 

Some  important  investigations  have  been  made  upon  patients  with 
complete  stricture  of  the  oesophagus  and  gastric  fistula  (12).  Here  it 
was  found  that  hypertonic  solutions,  indeed,  approach  isotony,  but  from 
absorption  of  sodium  chloride  rather  than  from  any  "diluting  secre- 
tion." When  this  process  is  finished,  such  solutions  (in  spite  of  Strauss) 
remain  hypertonic.  Otto  (12a)  corroborates  tiiis  by  experiments  on 
animals,  showing  a  concentration  rather  than  dilution  of  hypotonic 
solutions,  and  agreeing  with  Bonniger  that  the  '^  diluting  secretion  "  is 
really  only  saliva  which  Strauss  overlooked.  Even  the  connection 
between  the  osmotic  pressure  and  the  secretion  of  HQ  could  not  be  con- 
firmed. 

This  point,  whether  hypotonic  ingesta  become  still  further  diluted  in 
the  stomach,  has  attracted  a  good  deal  of  attention,  and  called  forth 
very  discordant  opinions  (6,  12,  12a,  13,  13a). 

It  is  agreed  that  the  secretion  and  swallowing  of  saliva  does  not  affect 
hypertonic  ingesta  in  the  slightest  [Kress  (13)]. 

Bickel's  experiments  upon  dogs  (13a)  show  that  the  dilution~^of 
hypotonic  solutions  is  not  by  any  means  invariably  the  rule.    Having, 
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by  Pawlow's  operation,  made  a  so-called  "  small  stomach,"  he  introduced 
some  Wiesbaden  Kochbrunnen  water,  which  is  markedly  hypotonic  to 
the  dog's  blood  and  gastric  juice.  Li  eyery  case  the  stomach  contents 
became  more  concentrated  within  half  an  hour,  occasionally  becoming 
actually  hypertonic. 


1      Number  of  Experiment. 

A  of  ConienU  <a  Beginning, 

A  of  Contents  after  ThiHy 
Minutes. 

1 

1 
2 
3 
4 
6 
6 

'O'ZT 
-0-39'* 
-0-39* 
-0-43» 
-0-40*' 
-0-37'* 

-0-40* 
-0-52" 
-0-68* 
-0-46* 
-0-75' 

The  non-electrolytes  play  an  important  but  varying  part  in  raising 
the  molecular  concentration,  but  such  marked  changes  in  concentration 
must  be  due  to  some  active  gland  secretion,  and  not  merely  to  the  physical 
processes  of  osmosis. 

Li  spite  of  his  untenable  theory  of  the  '*  diluting  secretion,"  Strauss 
has  shown  clearly  that  from  a  clinical  standpoint  the  fact  that  the  higher 
the  molecular  concentration  of  a  mineral  water  the  longer  it  remains  in 
the  stomach  cannot  be  neglected.  Hypertonic  mineral  waters  must 
be  avoided  in  gastric  hypersBsthesia,  in  atony,  and  other  forms  of  deficient 
motility.  Whenever  such  waters  are  taken,  a  sufficiently  long  time  must 
elapse  before  eating,  so  that  the  difference  in  osmotic  pressure  between 
the  mineral  water  and  the  blood  may  be  adjusted  before  the  food  enters 
the  stomach.  Practically,  this  point  has  long  been  observed,  for  it  is 
a  rule  at  all  spas  that  waters  of  high  molecular  concentration  are  only  to 
be  taken  in  the  early  morning — as  long  as  possible  before  breakfast — 
the  table  waters  taken  at  or  between  meals  being  those  of  lower  mole- 
cular concentration. 


B.— EFFECTS  OF  MINERAL  WATERS  ON  THE  COMPLETION 
OF  GASTRIC  DIGESTION. 

All  the  earlier  investigations  simply  dealt  with  the  chemical  and 
mechanical  aspects  of  digestion,  observations  being  made  on  the  effects 
of  mixing  the  particular  constituents  of  the  water — sodium  chloride, 
Glauber  salts,  soda,  etc. — ^with  the  food,  and  estimating  the  amount  of 
HCl  secreted,  and  the  rate  at  which  the  stomach  discharged  its  contents 
into  the  intestine. 

These  experiments  possess  a  pharmacological  interest,  but  for  investi- 
gating the  *'  water  cure  "  the  method  is  not  only  valueless,  but  misleading. 
Its  application  explains  many  contradictions  between  theory  and  practice, 
and  is  responsible  for  the  rise  of  many  prejudices. 

The  improvement  seen  in  various  disorders  of  the  stomach  after 
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drinking  certain  quantitiefl  of  a  partioular  water  at  some  famous  spa  has 
very  likely  nothing  to  do  with  either  the  water  or  its  components.  The 
condition  of  the  gastric  mucosa  is  probably  quite  as  favourably  influenced 
by  exercise  and  limited  feeding — ^two  factors  which  in  other  diseases 
require  time  to  produce  their  effects,  but  of  which  a  single  application  is 
a  ridiculous  notion. 

Hence,  to  compare  short  periods,  and  to  claim  for  such  researches 
scientific  accuracy,  or  to  make  important  deductions  therefrom,  is  quite 
unreasonable. 

From  such  investigaticHis,  however,  material  facts  are  sometimes 
gathered  which  clear  the  ground  for  a  comprehensive  and  detailed 
study  of  the  problem.  It  is  only  in  disease  that  any  experimental 
results  need  be  expected. 

It  is  a  droll  conceit  that  a  healthy  stomach  which  adapts  itself  un- 
complainingly to  the  many  and  varied  freights  it  has  to  carry  in  ordinary 
life  can  be  completely  thrown  out  of  gear  by  so  simple  a  means  as  one  or 
two  tumblers  of  mineral  water  daily. 

From  our  ignorance  of  the  pathogeny  of  digestive  disorders,  and  from 
our  still  greater  ignorance  of  the  point  d^appui  of  mineral  waters  in  their 
cure,  we  must  not  be  surprised  if  on  occasions  seemingly  opposite  con- 
ditions (sub-  and  hyperacidity)  are  improved  by  the  same  means.  To 
argue,  as  is  done,  that  because  simple  saline  waters  are  beneficial  in  sub- 
acidity,  therefore  they  are  contra-indicated  in  hyperacidity,  is  a  form  of 
cleverness  which  rejects  facts  and  opposes  the  free  growth  of  knowledge. 

Between  honest  ignorance  of  the  mode  of  action  of  the  '*  water  cures  *' 
and  the  impudent  assertions  of  charlatans  there  has  arisen  a  scepticism 
which  depreciates  the  value  of  the  **  mineral  water,"  and  suggests  other 
factors,  especially  diet,  as  responsible  for  the  general  result.  Diet  has 
certainly  a  great  deal  to  do  with  the  cure,  but  to  detract  therefore  from 
the  value  of  the  water-drinking  does  not  seem  to  square  with  the  facts. 

On  the  one  hand,  strict  diet  without  the  other  conditions  of  the 
''  cure  "  is  not  entirely  a  satisfactory  form  of  treatment ;  and,  on  the 
other  hand,  the  '*  waters  "  alone  sometimes  effect  a  cure  in  spite  of  the 
most  unsuitable  diet,  all  of  which  only  goes  to  prove  the  limits  of  our 
knowledge  of  the  d^;estion  and  of  mineral  waters.  Boastful  theories 
do  not  help  to  diminish  our  ignorance.  Recently,  however,  practical 
efforts  have  been  made  which  have  jaelded  instructive  results. 


1.  Mineral  Waters  taken  simultaneously  with  Food. 

(a)  Aerated  Table  Waters. 

The  chief  constituent  in  all  so-called  table  waters  which  in  any  way 
affect  digestion  is  CO,.  Waters  which  contain  much  GOf  stimulate  the 
appetite.  According  to  the  proverb,  "  Hunger  is  the  beet  sauce,"  we 
might  expect  them  to  increase  the  gastric  secretion.  Following  upon 
the  preUminary  and  inconclusive  experiments  of  Quincke  (in  dogs), 
Lockhart  Gillespie  (14)  and  others  (in  men),  some  definite  results  have 


910  THE  PATHOLOGY  OF  METABOLISM 

been  obtained.  Penzoldt  (14)  states  that  ^  litre  of  cold  aerated  water 
taken  with  a  meal  accelerateB  and  increases  the  secretion  of  HC3,  and 
terminates  digestion  in  the  stomach  by  the  discharge  of  chyme  into  the 
small  intestine  sooner  than  the  same  amount  of  plain  water.  Liebreich 
(15)  corroborates  this,  and  Becker's  (16)  skilful  experiments  under  Paw- 
low's  guidance  show  that  aerated  waters  taken  into  the  stomach  stimulate 
pancreatic  secretion,  while  alkalis  diminiflh  it.  The  other  waters  which 
can,  when  taken  with  food,  promote  the  digestive  processes  are  weak 
salines  (0-3  per  cent.  NaCl),  or  weak  alkaline  waters,  such  as  Fachingen, 
Salzbrunnen,  Kronenquelle,  Vichy,  Gelestin,  etc. 

;  (ft)  Saline  WcUera. 

The  disputed  question  of  the  effect  of  sodium  chloride  on  digestion 
in  the  stomach  may  be  disregarded  for  the  moment.  It  is  admitted  that 
such  small  amounts  as  we  are  now  discussing  make  no  difference.  Very 
large  doses  such  as  are  never  given  medicinally  may  lessen  the  secretion 
of  HQ,  interfere  with  peptonization,  and  delay  the  emptying  of  the 
stomach.  The  total  salt  taken  in  table  waters  is,  however,  as  nothing  in 
comparison  with  the  amount  consumed  as  a  condiment. 

The  experiments  of  Bergell  and  Bickel  (18)  contain  an  idea,  pregnant 
with  meaning  perhaps  for  the  future,  but  at  present  inconclusive,  that 
the  retarding  effect  on  the  peptonizing  process  which  certain  saline  waters 
exert — eg.,  Wiesbaden  Kochbrunnen — ^is  only  found  when  the  water  has 
lost  its  radio-activity.  The  presence  of  the  radium  emanation,  although 
by  itself  inactive  as  regards  the  process  of  secretion,  either  abolishes  the 
retarding  power  of  saline  water  or  overcompensates  it.  Incomplete  as 
they  are,  these  researches  are  of  great  moment,  because  for  the  first  time 
they  enable  us  to  grasp  some  notion  of  the  real  difference  between  the 
physiological  worldngs  of  a  water  taken  fresh  from  the  spring  full  of  radio- 
activity and  those  of  the  same  water  stale  and  altered  by  transport  and 
storage. 

(c)  Alkaline  Waters. 

Allied  to  the  effect  of  a  weak  saline  water,  it  seems  from  the  foregoing, 
may  be  that  of  alkaline  waters,  which,  although  the  alkaline  content  is 
very  small,  form  an  unusual  addition  to  the  meal. 

Disregarding  fresh  milk  and  eggs,  all  ordinary  food  has  a  neutral  or 
faintly  acid  reaction,  and  under  any  circumstances  the  stomach  may  be 
supposed  to  render  the  whole  of  the  ingesta  strongly  acid  in  a  very  diort 
time.  Evidently  then,  alkalis  can  only  be  indicated  if  their  effect  is  to 
stimulate  a  free  secretion  of  acid  after  a  previous  phase  of  subacidity,  or 
when  we  wish  to  counteract  hyperacidity. 

Very  little  is  known  about  the  subject,  yet  the  use  of  alkaline  table 
waters  increases  in  popularity  every  year,  although  it  is  not  impossible 
that  the  practice  may  of  itself  cause  grave  disorders  of  the  stomach. 
(Vichy  Gelestin  contains  5*1,  Biliner  4-6,  Fachinger  3-6  grammes  NaHOO, 
per  litre.)  Leube  (19)  and  others  (20)  b^an  the  work,  and  Abend  (20) 
has  recently  shown  that  -05  to   10  gramme  NaHCO,,  taken  with  a 
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test  breakfast,  has  the  immediate  effect  of  neutralizing  the  HQ. 
This  deficiency  is  however  soon  made  good,  and  in  the  second  half 
of  the  period  of  digestion  the  amount  absolutely  coincides  with  that 
found  when  the  sodium  carbonate  is  not  given. 

Du  Mesnil  (20)  found  that  1  to  2  granmiee  NaHCO,  or  100  to  200  c.c. 
of  Carlsbad  Muhlbrunnen  water  (more  than  is  ever  given  in  practice) 
slightly  increased  the  HCSl,  while  6  grammes  caused  a  lasting  diminution 
throughout  the  whole  period  of  digestion.  But  even  these  results  are 
within  the  limits  of  normal  variation,  and  therefore  prove  nothing,  as 
Ewald  (20a)  long  ago  hinted. 

Unoesier  and  Lemoine's  observations  on  a  man  who  ruminated  are 
just  as  inconclusive  where  1-0  gramme  NaHGO,  taken  with  the  test 
breakfast,  or  5  grammes  an  bour  before,  seemed  to  stimulate  the  secretion 
of  HO  to  its  utmost.  Reichmann  (21)  arrived  at  the  opposite  conclusion, 
but  he  gave  his  soda  solution  (amount  not  stated)  half  an  hour  after  the 
test  breakfast.  Pawlow  (22),  from  his  experiments  in  animals,  remains 
very  sceptical  about  this  stimulating  effect  of  the  alkaline  carbonates ; 
at  any  rate,  it  probably  does  not  amount  to  more  than  the  actual  acid 
required  for  their  neutralization,  after  which  the  usual  amount  of  HQ, 
whether  normal  or  deficient,  is  secreted. 

The  most  trustworthy  results  are  those  of  Schiile  (23),  who,  however, 
worked  with  much  larger  amounts  than  are  ever  used  in  practice 
(7  grammes  with  a  test  meal  consisting  of  400  c.c.  of  comfiour  gruel). 
In  certain  subjects  whose  normal  acidity  was  rather  low  the  alkcJi 
markedly  decreased  the  total  during  the  whole  period  of  digestion,  so 
that  often  no  free  HCl  could  be  detected ;  in  other  cases  the  deficiency 
soon  gave  place  to  an  increased  secretion,  so  that  after  fifteen  or  twenty 
minutes  the  amount  rose  to  normal.  There  was  nothing  to  justify  the 
assumption  of  an  excessive  stimulation  beyond  the  point  of  neutraliza- 
tion (Pawlow's  '*  ovemeutralization  ").  llie  emptjdng  of  the  stomach 
was  slightly  delayed. 

A  series  of  experiments  begun  by  von  Noorden  in  the  summer  of 
1890,  and  not  yet  completed,  gave  the  following  results  : 

A  patient  suffering  from  slight  hyperacidity  was  given  on  ten  con- 
secutive days  a  test  breakfast  of  50  grammes  biscuit,  with  either  400  c.c. 
of  plain  water  or  400  c.c.  Vak  water  (La  Marquise,  containing  0-7  per 
cent.  NaHOO,).  Five  minutes  were  allowed  for  eating  the  meal,  and  the 
stomach  was  emptied  three-quarters  of  an  hour  later.  The  following 
results  were  observed : 


Plain  Water. 

VaU  Water, 

HCL 

Raaldae. 

HCL 

Beoidao. 

P«rOnt 
0-28 
0-24 
0-29 
0-31 
0-27 

0.0. 

80 
70 
60 
120 
90 

For  Cent. 
0-24 
0-19 
0-26 
0-30 
0-24 

0.0. 

90 

80 

100 

125 

70 

Avenge  0-278 

85 

0-246 

93 

VOL.  ni- 


68 
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The  slight  increase  in  residue  counts  for  nothing,  but  it  does  seem  ad 
though  there  were  some  real,  though  small,  decrease  in  the  amount  of 
hydrochloric  acid  in  the  chyme. 


2.  Mineral  Waters  taken  before  Food. 

Accurate  investigations  have  been  made  upon  the  effects  of  the 
**  water  cure  "  when  the  waters  were  taken  some  time  before  the  test 
meal.    Some  of  the  observations  extend  over  long  periods. 

The  experiments  may  be  divided  into  two  groups  : 

1.  The  immediate  effects  on  gastric  digestion  on  da3n3  when  the  waters 
were  taken  and  on  the  da3n3  when  they  were  omitted. 

2.  The  general  results  before,  during,  and  after  the  whole  "  water 
cure,"  under  practically  constant  conditions.  The  mineral  waters  were 
always  analyzed  before  they  were  drunk  on  the  test  days. 


(a)  Saline  Waters. 

Meinel's  (24)  experiments  on  the  immediate  effects  were  carefully 
and  accurately  carried  out.  He  first  ascertained  the  state  of  the  secreting 
functions  after  a  simple  test  breakfast  in  a  patient  with  slight  atony  of 
the  stomach,  then  in  three  separate  periods  he  gave  respectively  ^  litre 
Wiesbaden  Kochbrunnen  (6*8  grammes  NaQ  per  litre),  Kochbrunnen 
containing  COst  and  E^issingen  Bakoczy  (5*8  grammes  NaCl  per  litre) 
half  an  hour  before  the  test  breakfast  under  the  ordinary  spa  conditions. 
It  seemed  that  free  HCl  appeared  more  rapidly  after  taking  NaQ  water, 
that  the  total  acidity  was  a  little  increased,  and  that  the  stomach  emptied 
rather  sooner ;  this  was  most  marked  with  Bakoczy  water. 


Maximum  of  Acidity  in  ex.       Time  in  which  Maximum 

1 
Time  of  Smpt^ng  Stomach. 

Without  Rakoczy  water  65  t                45  minutes. 
With  Rakoczy  water  . .  87  '                15  minutes. 

90  minutes. 
75  minutes. 

In  another  case  of  achylia  gastrica  no  variations  were  observed. 

Similar  experiments  were  made  by  Bickel  (25)  partly  on  a  dog  (after 
Pawlow's  operation),  partly  on  a  girl  with  a  gastric  fistula.  He  found 
that  the  mild  saline  waters  stimulated  the  stomach  to  secrete  slightly 
more  HCl  after  the  test  meal. 

Further  investigations  of  this  sort  are  wanted,  for  it  is  not  yet  known 
whether  the  mucous  membrane  of  the  stomach  in  disease  is  capable  of 
giving  different  results,  qualitatively  or  quantitatively,  from  the  healthy 
mucosa.  The  first  instructive  work  done  on  the  general  effects  was  that 
of  Dapper  (26)  with  Kissingen  Bakoczy  and  Homburg  Elizabeth  waters. 
The  subjects  of  his  experiments  were,  without  exception,  suffering  from 
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gastric  disorders.  After  first  carefully  noting  the  condition  and  functions 
of  the  stomach,  the  usual  quantity  of  water  was  taken  in  the  ordinary  way 
before  breakfast  for  a  period  of  a  week.  Thus  the  facts  were  observed 
before,  during,  and  after  the  *'  water  cure.*'  The  mineral  water  was 
analyzed  on  each  of  the  test  days. 

In  a  long  series  of  observations,  Dapper  describes  seven  cases  where 
a  subacidity  due  to  gastric  catarrh  nevertheless  yielded  normal  amounts 
of  HQ.  That  this  did  not  always  occur,  and  that  there  were  occasional 
mistakes,  is  not  to  be  wondered  at.  Cases  of  achlorhydria  and  hj^po- 
chlorhydria  of  nervous  origin,  or  hj^pochlorhydria  in  phthisis,  were  prac- 
tically not  affected  [c/.  also  Fischmann  (28)].  Not  only  did  these 
instances  bear  out  the  conclusions  of  practical  experience,  but  numerous 
cases  of  hyperacidity  (espedaUy  nervous  hyperacidity  and  acid  catarrh) 
reacted,  as  was  generally  held  on  empirical  grounds,  in  the  opposite 
direction,  the  high  degree  of  acidity  being  lost.  In  chlorotic  hyper- 
acidity the  results  were  disappointing. 

The  following  table  deals  with  seventeen  cases  of  considerable  hyper- 
acidity benefited  by  saline  water  (Kissingen  Rakoczy)  : 


Mftxbnuin. 

Sfinliniim* 

teen  Oases. 

Before  treatment 
After  treatment 

Percent 
0-36 
0-20 

Percent 
0-29 
016 

Percent 
0-33 
018 

But  in  so  refractory  a  condition  as  hyperacidity  no  one  mineral 
water  has  been  found  a  panacea.  Dapper's  work  is  open  to  the  criticism 
that  the  number  of  investigations  in  particular  patients  was  too  small, 
for  even  in  the  same  individual  the  acidity  is  wont  to  vary  greatly  from 
day  to  day  [Ewald  (27)]. 

Still,  Dapper's  conclusions  are  not  based  so  much  on  the  figures  of 
individual  stomach- washings  as  on  the  fact  that  the  general  tendency  to 
increase  or  decrease  remained  constant  in  the  favourable  cases. 

As  a  proof  that  the  waters  themselves  possess  certain  powers,  cases 
may  be  cited  in  which  careful  dieting  made  absolutely  no  difference,  but 
directly  the  mineral  water  was  added,  decrease  of  acidity  followed ;  while, 
quite  independently,  clinical  experience  has  constantiy  shown  that  in 
cases  of  hyperchlorhydria  the  administration  of  saline  waters  diminishes 
the  acidity.  This  does  not  entirely  agree  with  the  researches  of  Meinel 
and  Bickel  (24,  25)  as  to  the  immediate  effects  of  saline  waters  ;  but  the 
methods  adopted  were  not  the  same.  Further  investigations  may 
explain  the  apparent  contradiction. 

The  question  cannot  well  be  one  merely  of  stimulation  and  inhibition 
of  acid  secretion,  or  the  exactly  opposite  effects  in  hypo-  and  hyper- 
chlorhydria would  not  be  seen.  Probably  much  more  complex  changes 
take  place  in  the  mucosa  involving  exertion  or  suppression  of  many 

68—2 
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functions.  In  the  processes  of  cure  the  absence  of  certain  normal  pro- 
ducts of  the  gastric  mucous  membrane,  which  has  been  so  often  described, 
must  be  taken  into  account.  There  is  a  need  for  further  estimations  on 
these  lines. 

{b)  Alkaline  Waters. 

1.  Detailed  Effects. — ^Bdchmann's  researches  (21)  upon  the  direct 
effect  of  sodium  bicarbonate,  carried  out  by  Meinel's  methods  (twenty- 
two  experiments  in  four  subjects),  in  which  he  administered  large  and 
small  amounts  of  the  alkali  a  definite  time  before  meals,  showed  that 
this  substance  exerts  but  little  effect  on  the  secretion  of  hydrochloric 
acid. 

Linossier  and  Lemoine  (20),  working  with  similar  methods,  found  that 
sodium  carbonate  (5  grammes  given  an  hour  before  meals)  distinctly 
stimulated  HCl  secretion  up  to  the  point  of  neutralization,  and  perhaps 
beyond,  for  during  the  meal  after  the  alkali  had  been  given  the  amount  of 
acid  was  abnormally  high.  We  obtained  similar  results  with  Carlsbad 
waters,  which,  in  spite  of  the  small  amount  of  Glauber  salts,  may  be 
classed  among  the  alkaline  waters.  The  splendid  work  of  the  pioneers 
of  gastro-chemical  disignosiB  (19,  29)  gives  no  uniform  results,  perhaps 
because  the  methods  were  only  in  their  infancy ;  but  all  agree  that  in 
some  cases,  whether  in  healthy  subjects  or  in  subacid  gastritis,  when 
Carlsbad  waters  were  previously  administered,  the  HCl  and  the  total 
acid  value  was  found  to  be  slightly  higher  than  normal  after  the  digestion 
of  the  test  meal  was  completed,  and  that  the  pepsin  secretion  and  empty- 
ing of  the  stomach  were  slightly  accelerated. 

BickeFs  (30)  investigation  represents  the  inauguration  of  more  exact 
technique.  Alkaline  saline  Carlsbad  water  does  not  affect  the  after- 
secretion  in  the  stomach,  while  the  simple  alkaline  waters — ^Vichy  and 
Fachingen  (5  and  3*6  grammes  NaHCO,  per  litre) — ^have  a  slight  stimu- 
lating effect  on  the  healthy  stomach. 

Fischmann  (28)  gives  the  following  table  of  the  results  of  Carlsbad 
Miihlbrunnen  (500  c.c.)  on  a  case  of  severe  hyperacidity  (Meinel's 
method) : 


In  ex.  of  ^  NaOH,  at  Periods  of-^ 

16 
Minutes. 

80 
Minutes. 

45 
Minutes. 

60 
Minutes. 

75 
Minutes. 

Total  acidity,  after  ttsi  breakfasts  : 
Fore  period:  Plain  water 

600  0.0.  Carlsbad  Muhlbrmmen 
After  period :  Plain  water . . 

Free  HCl,  under  similar  conditions  : 
Fore  period  :  Plain  water  . . 

600  c.c.  Carlsbad  Miihlbrunnen 
After  period  :  Plain  water  . . 

28 
36 
22 

5 

18 

3 

65 
60 
40 

37 
45 
26 

60 
75 
66 

40 
62 
36 

65 
65 
66 

40 
46 
26 

60 
67 
62 

28 
60 
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This  case  shows  clearly  the  increase  of  acidity  directly  caused  by 
the  Carlsbad  water;  the  after  period  shows  a  compensatory  decrease 

of  Ha. 

2.  Oeneral  Effects. — ^Although  the  previous  example  of  the  action  of 
the  '*  water  cure  "  on  a  particular  act  of  digestion  has  some  importance, 
the  practical  point  for  the  physician  is  the  general  effect — ^namely,  the 
state  of  digestion  before  and  after  the  whole  **  cure." 

Jaworski  (19)  stated  that  very  often  after  prolonged  periods  of  the 
Carlsbad  waters  (regular  quantities  every  morning  for  four  or  six  weeks) 
the  specific  functions  of  the  stomach  (secretion  of  HQ  and  ferments)  were 
greatly  hindered,  and  the  mucous  membrane  through  habit  lost  its 
power  of  responding  to  the  stimulus ;  but  Ewald  (29),  with  whom  we 
agree,  in  a  series  of  similar  experiments  (10  persons),  found  that  the 
Hd  and  ferments  remain  unaffected.  There  were  considerable  fluctua- 
tions, and  the  results  were  just  as  frequently  above  as  below  normal 
(21,  29). 

Fischmann's  results  are  stated  in  the  following  table  : 


Number  of 
Exferimeni. 

ToUd  AeidUy  {Averages  only). 

ForePortod. 

During  <<  Core." 

After  Period. 

1 
2 
3 

1 
2 
3 

60 
65 
72 

60 
67 
60 

50 
35 
52 

Free  HCl. 

49 

40 
52 

43 
46 
42 

35 
27 
36 

The  difference  between  the  "  cure "  period  and  the  fore  period 
is  unimportant,  but  the  after  period  shows  a  marked  decrease.  Unfor- 
tunately, clinical  facts,  when  placed  against  the  experimental  figures, 
show  that,  even  if  this  decrease  of  hyperchlorhydria  occurs  at  all,  it  is 
very  transient.  All  practitioners,  even  the  specialists,  bewail  the  fact 
that  the  benefits  of  the  waters  are  only  symptomatic  and  temporary, 
and  that  for  the  prevention  or  permanent  cure  of  hyperacidity  they 
are  powerless.  Careful  and  patient  dieting,  prevention  of  constipation, 
and  a  generally  healthy  life  are  in  most  cases  of  infinitely  more  value 
(31,  32). 

With  alkaline,  and  particularly  alkaline-saline  waters,  the  experience 
of  the  simple  salines  is  repeated.  The  variations  in  HCl  may  take  place 
in  either  direction — decrease  in  hyperacidity  and  increase  towards  normal 
in  subacidity  (of  catarrhal  origin). 

Fischmann's  leseaiohes  with  ordinary  amounts  of  mineral  water  as 
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usual  aiinply  bear  out  the  clinical  facts.    The  following  table  gives  his 
results  with  600  c.c.  of  Carlsbad  Muhlbrunnen  daily : 


Number  of 

ToUd  Acidity. 

F(m  Period. 

"Cuw-Pttriod. 

After  Period. 

1 
2 
3 

1 
2 
3 

39 
31 

40 

43 
42 
60 

63 
60 

66 

Free  HCl. 

12 

8 

22 

23 
24 
31 

34 
26 
36 

It  is  unfortunate  that  there  are  80  few  adequate  inveBtigations  of  tiie 
general  results  of  *'  water  "  cures  on  these  lines,  which  are  not  difficult 
to  follow,  even  for  general  practitioners. 

Von  Noorden,  who  long  ago  made  similar  researches  in  diabetes,  has 
adapted  his  exhaustive  and  accurate  methods  to  diseases  of  the  stomach. 
In  these  experiments  averages  of  three  or  four  stomach  washings  were 
taken,  forty  minutes  being  allowed  to  elapse  after  the  test  breakfast  (four 
Friedrichsdorf  biscuits  and  400  c.c.  weak  tea  without  sugar  or  milk). 


Diagnone. 


Spa, 


Hyperohlorhydria 

(atony) i      Vichy 

Hyperonlorhydrja    (T   ulcer)  I      Vichy 
Hyperohlorhydria      nerroBa  j 

(without  aton^)    . .         . .  i  Neuenahr 
Hyperchlorhydna      nervosa  I 

(atonv) I  Carlsbad 

Hyperchlorhydria  (ulcer)   ..      Carlsbad 


Time. 


Weeks. 

4 
3 


Total  Aeiditjf. 


Before.       After, 


0-40 
0-37 

0-41 

0-39 
0-42 


0-42 
0-33 

0*39 

0-28 
0-30 


FfuHCl. 


Beforei       After. 


0-31 
0-30 

0-25 

0-27 
0-29 


0-30 
0-22 

0-29 

0-16 
0-11 


These  results  are  not  quoted  to  illustrate  any  definite  conclusion,  but 
only  to  show  the  methods  suitable  for  these  investigations,  where  uni- 
formity, length  of  time,  and  many  series  of  cases  are  essential  before 
material  can  be  collected  from  which  deductions  of  any  value  are  likely 
to  be  made  (c/.  Saline  Waters). 


(c)  BiUer  Waters. 

The  direct  effect  of  bitter  waters  is  a  decreased  secretion  of  gastric 
juice,  or,  rather,  of  the  specific  ferments,  for  the  stronger  waters  (Hunyadi 
Janos,  30-4  grammes  sulphates  per  litre)  can  cause  an  increased  secretion 
of  water  from  the  mucosa  of  the  stomach  [Bickel  (30)]. 

Oeneral  Effects. — Simon  (33)  made  observations  for  periods  of  two  or 
three  weeks  on  healthy  subjects  and  on  cases  of  subacidity,  giving  every 
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morning  1  gramme  of  Glauber  salts  in  200  c.o.  of  water,  ascertaining  the 
acidity  in  the  stomach  by  siphonage  and  analysis  of  the  residue.  With  a 
single  exception,  no  quantitative  figures  are  given,  and  the  number  of 
separate  investigations  made  on  individual  patients  is  so  small  that  the 
following  all-embracing  ccmclusions  he  draws  seem  scarcely  warranted  : 

*'  The  chemical  oompositiou  of  the  gastric  juice  is  always  altered  in 
mucous  gastritis,  and  invariably  in  the  direction  of  an  increase  of  acidity. 
No  case  showed  subacidity.  In  atrophic  catarrh,  in  symptomatic 
achlorhydria  (phthisis),  and  in  nervous  disorders  of  the  stomach,  no  good 
results  were  observed.*' 

Gintl  (34),  using  a  similar  method,  found  in  a  series  of  cases  of  sub« 
acidity  that  practically  no  increase  of  Hd  occurred.  Latkowski  (35) 
describes  an  increase  of  acidity  after  taking  Marienbad  Kreuzbrunnen 
(4*8  grammes  sulphates  per  litre)  for  long  periods. 

(d)  Cakium  Wulera. 

Clinical  experience  prompts  us  to  suggest  that  in  some  cases  the 
effects  of  calcium  carbonate  are  more  lasting  than  those  of  sodium  car- 
bonate. There  is  no  experimental  work  of  any  value  upon  this  question. 
Piatkowski  (36)  states  that  a  course  of  four  or  five  weeks  of  Krynica  water 
(1-33  gramme  CaCO,  per  litre)  seems  to  lessen  the  hyperacidity  in  acid 
catarrh. 

(«)  Svlj^ur  Waters. 

Robin  (37)  considers  that  sulphur  water  given  ten  minutes  before  the 
test  meal  diminishes  the  acidity.  This  seems  the  only  experimental 
research  published.  The  work  has  been  repeated  by  von  Noorden  in  a 
case  of  nervous  hyperacidity  with  the  Weilbach  sulphur  spring  (5-2  c.c. 
HjS  per  litre) ;  400  c.c.  of  the  sulphur  water  were  taken  half  an  hour 
before  the  test  breakfast,  and  the  stomach  contents  removed  by  siphonage 
forty  minutes  after  the  meal.  Four  consecutive  washings-out  gave  an 
average  total  acidity  of  01  (decinormal  soda  solution  per  100  c.c.  of 
gastric  juice),  and  an  average  for  HCl  of  62.  After  taking  the  water  for 
a  fortnight  four  washings-out  gave  73  and  42  respectively.  TUs  point 
requires  further  investigation. 

Bain  and  Edgecumbe  express  the  cautious  opinion,  based  on 
clinical  experience  of  the  Harrogate  old  sulphur  well,  that  '*  the  water 
improves  the  appetite,  stimulates  the  gastric  functions,  and  may  possibly 
supply  material  for  the  formation  of  HCl ";  but  give  it  as  their  belief 
that  '^  the  value  of  the  water  would  be  enhanced  if  it  contained  less 
hydrogen  sulphide.  This  gas  has  been  greatly  overrated  as  a  thera- 
peutic agent,  and  the  value  of  a  health  resort  is  hardly  to  be  measured 
by  the  sulphuretted  hydrogen  content  of  its  springs.*' 

(/)  ChalyheaU  Waters. 

Scarcely  any  researches  on  iron-containing  waters  have  been  pub« 
lished,  but  we  give  the  figures  of  some  of  our  own  experimental 
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The  good  results  of  chalybeate  wateis  in  an»inia  with  hyper-  or  sub- 
acidity  cannot  be  denied — ^perhaps,  as  in  the  case  of  saline  waters,  under 
given  circumstances  the  acidity  may  be  increased  or  diminished — ^but 
too  much  reliance  must  not  be  placed  on  a  theory  of  merely  local  action 
on  the  stomach  mucosa.  It  is  no  less  likely  that  a  general  improvement 
in  the  organism  as  a  whole  tends  to  correct  many  defects  of  function. 

The  work  of  Buzdygan  (38)  relates  only  to  iron-containing  drugs,  and 
does  not  even  then  give  a  very  lucid  explanation  of  their  effects. 

Clinical  experience  shows,  at  any  rate,  that  chalybeate  waters  are 
not  contra-indicated  in  the  common  form  of  dyspepsia  with  chlorosiB. 

The  numerous  digestive  defects  of  this  disease,  whether  hyper-  or 
subacidity,  atony  or  hyperssthesia,  are  often  rapidly  improved  by  the 
chalybeate  waters,  which  is  more  than  can  be  said  of  the  druggists'  iron 
preparations,  the  organic  and  inorganic  salts,  the  peptonates  and  albu- 
minates, even  the  sulphate  of  iron  waters  (Levico,  Boncegno)  if  drunk 
at  home.  All  of  these  are  unsuitable  for  chlorotics  in  whom  disorders  of 
the  stomach  and  intestine  are  so  constantly  present. 

At  the  spas,  perhaps,  the  case  is  different.  The  following  brief  table 
shows  how  chlorotic  hyperacidity  can  be  improved  by  the  regular  chaly- 
beate water  "cure."  All  these  cases  were  chlorotic  girls  with  severe 
hypersesthesia  and  hyperacidity  of  the  stomach  in  whom  five  or  six  weeks 
at  Marienbad  or  IVanzenbad  cured  the  chlorosis  and  improved  the 
stomach  troubles. 


Name  of  Spa  and  Water. 

Fore  Period:  Two 

or  Three  Weeks  before 

"  Cwre." 

A/terPariod:  Three 

or  Four  Weeks  after 

•'  Cure." 

Ty>tal  Acidity. 

FreeHGL 

Ibtal  Acidity. 

VnenCL 

1.  Marienbad  (Ambroams  water) 

2.  Franzenbad          (chalybeate 

water) 

3.  Marienbad  (Ambrosius  water) 

0-33 

0-42 
0-35 

0*24 

0-30 
0-22 

0-23 

026 
0-26 

0-14 

O-ll 
016 

Non — ^The  figures  are  ayeragos  of  two  separate  inTeetigations  in  every  ease. 

Van  de  Weyer  and  Wybauw  (61)  have  quite  recently  published  the 
results  of  three  reliable  investigations,  from  which  they  conclude— 

1.  The  chalybeate  waters  influence  favourably  the  absorption  of 
albumin  and  carbohydrates  in  the  intestine. 

2.  The  tissue  activities  are  increased :  the  total  nitrogen  output  is 
augmented  and  the  uric  acid  excretion  diminished. 


IV.— INFLUENCE  OP  MINEBAL  WATERS  ON  THE 
INTESTINE. 

There  are  not  sufficient  data  to  furnish  a  study  of  the  action  of  mineral 
waters  upon  all  the  various  functions  of  the  intestines. 

Certain  waters  are  known  to  stimulate  the  bowel  to  peristalsis  and 
watery  evacuations.    This  only  bears  on  metabolism  in  so  far  as  the 
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exchange  of  energy  is  increased^  the  composition  of  the  fseces  altered, 
or  the  assimilation  of  food  and  bacterial  fermentation  are  interfered 
with. 


A.— ASSIMILATION  OF  F00D-4TUFFS. 

Very  exaggerated  ideas  have  arisen  as  to  the  amount  of  energy  ex- 
pended when  by  saline  or  bitter  waters  liquid  evacuations  are  produced. 
In  the  statements  about  '*  metabolic  activity  '*  and  its  results  in  obesity 
at  Homburg,  Eissingen,  and  Marienbad,  an  important  rdle  is  assigned 
to  the  diarrhoaa,  which  is  said  to  produce  an  increased  output  of  oxidizable 
material 

At  first  sight  there  is  a  want  of  conviction  about  these  theories,  for 
mineral  waters  in  ordinary  amounts  and  under  ordinary  circumstances 
only  serve  to  evacuate  the  normal  contents  of  the  bowels,  which,  apart 
from  water  and  certain  salts,  do  not  include  much  nutriment.  Exact 
investigations  have  shown  this  view  to  be  justified  alike  by  common 
sense  and  science. 

1.  Plain  Water. 

The  mere  bulk  of  water  drunk  (disregarding,  perhaps,  extremes  in 
either  direction)  has  no  effect  on  the  amount  of  absorption. 

Dennig  (39)  found  in  some  of  his  **  thirst "  experiments  somewhat 
impaired  assimilation  as  against  unlimited  water  drinking,  but  this  was 
rather  a  relative  than  an  absolute  reckoning.  In  two  instances  (Cases  I. 
and  IV.)  the  fsBcal  nitrogen  was  increased  in  the  after  period,  especially 
as  regards  fat  (in  his  first  case  13*8  grammes  of  fat  compared  with  2-41). 
This  he  considered  to  be  due  to  actual  damage  to  the  digestive  organs 
from  extreme  want  of  water. 


due. 

^Dayol 

Dinaat. 

four  Hours). 

(hUpiU  (Tweniy' 
four  Hours). 

Water. 

Nitrogen. 

Nitrogen. 

Nitiogen. 

I. 

n. 
m. 

IV. 

{i} 

2   - 

UJ 

2   - 

UJ 

2   ■ 

UJ 

HcMdlhy  subject 
Obesity 
Obesity 
Obesity 

cc. 
f2.150 
.      630 
[2,660 

f2.070 

380 

[2.070 

f2.360 

650 

[1,860 

r2,415 

636 

[2,416 

Gm. 
16-86 
1312 
16-40 

1411 

8-39 

14-16 

14-60 
12-66 
17-17 

20-37 
2002 
20-37 

Gm. 
0-71 
0-90 
1-57 

0-70 
0-83 
0-79 

0-76 
0-73 
0-70 

0-70 
104 
1-67 

Percent 
4-2 
6-8 
9-6 

4-9 
9-9 
6-6 

6-2 
6-8 
41 

3-4 
6-4 

8-2 
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Rtudczka  (40)  observed  the  effect  of  the  addition  of  ^  litre  of  water 
to  the  ordinary  diet.    The  diet  was  a  constant  one,  consisting  of  : 


Residue. 

NUrogen, 

Fat, 

COfTOO' 

Ash, 

First  period      .. 
Second  period  . . 

Percent. 
941 
960 

Percent 
84-9 
96-9 

Percent 
94-5 
961 

Percent 
981 
98-4 

Percent 
68-6 
75-9 

During  the  first  period  he  drank  i  litre  of  water  between  meals,  and 
during  the  second  the  same  quantity  with  meals. 
The  variations  lay  within  normal  limits. 

2.  Mineral  Waters. 

The  table  on  pp.  920-022  contains  the  results  of  various  observa- 
tions on  absorption,  with  the  amounts  of  mineral  water  commonly 
prescribed.^ 

This  table,  which  comprises  practically  all  the  work  on  the  subject, 
shows  in  every  single  case  a  slight  increase  in  the  excretion  of  proteins 
and  fat  (ether  extract,  ''  raw  fat  '*)  with  the  mineral  water. 

But  the  variations  do  not  amount  to  much  if  the  "  cure  "  is  con- 
tinued for  the  customary  period. 

The  nature  of  the  proteins  in  severe  diarrhoea  has  not  been  investigated. 
An  analysis  now  being  conducted  in  von  Noorden's  laboratory  shows 
that  the  ratio  between  total  nitrogen  and  ammonia  nitrogen  remains 
normal.  In  a  case  of  gout  examined  to  see  whether  the  use  of  sckline 
and  sulphate  waters  produced  any  increase  in  the  fsBcal  purins  only 
negative  results  were  obtained. 


B— BACTERUL  DECOMPOSITION. 

The  only  method — and  it  is  not  a  very  satisfactory  one — of  deter- 
mining whether  mineral  waters  can  arrest  bacterial  decomposition  in 
the  intestine  is  by  estimating  the  ethereal  sulphates  in  the  urine.  There 
is  only  a  sparse  literature  on  the  subject.  Hagentom  (48)  reports  that 
sodium  bicarbonate  has  no  effect  on  the  amount  of  ethereal  sulphates, 
while  sodium  citrate  increases  them  slightly. 

^  The  work  of  Anatoliew,  Andrejew,  Polissadow,  Ratner,  Chadsinsky,  and  Sabow 
was  not  acoeaaible  in  the  origmal  (41).  According  to  the  abstraots  consulted  minml 
waten  did  not  interfere  with  ^t  absorption.  According  to  Ooggi  (42),  sodium  chloride 
retards  fat  absorption  slightly  when  given  in  large  amounts  (20  grammes  per  diem). 
Smaller  quantities  have  no  effect.  It  appears  that  m  the  analysis  of  the  fieoes  soaps  were 
not  taken  into  account. 

IMedrichshall  bitter  water  distinctly  interfered  with  fat  absorption  in  dogs  [Vahlen 
(43)1.  The  rasults  of  London's  otherwise  very  thoroiuh  researches  could  not  be  included 
in  tbe  table,  as  the  f»oes  were  not  completely  investigated  (44).  Brandenburg's  results 
were  very  similar  to  Ludwig's  and  Kraus^s  (44). 


924 


THE  PATHOLOGY  OP  METABOLISM 


Period. 

Average  of  Ethereal 
SvlphaUe. 

Constant  Diet  jiue-- 

I 
2 
3 
4 
5 
6 

Gm. 
0-2603 

0-2791 

0-2701 

0-3149 

0-3548 

0-2630 

1,080  c.c.  Boda  water+3'24  grammes  sodium  bi- 
carbonate. 

1,080  o.c.  soda  water+5*0  grammes  sodium  bi- 
carbonate. 

1,080  o.c.  soda  water +3-24  grammes  sodium  bi- 
carbonate and  13*0  grammes  sodium  citrate. 

1,080  o.c.  soda  water+13  grammes  (additional) 
sodium  citrate. 

Jawein  (49)  does  not  corroborate  this  ;  40  grammes  of  sodium  citrate 
caused  an  increase  just  at  first. 


Number  ol 
Experiment. 

Normal  Period.             Alkali  Period. 

1 

Amount  of  Alkali. 

Total 
Sul^tM 
per  Diem. 

Ethereal 
Sulphates. 

Total 
Sulphates. 

Ethereal 
Sulphates. 

10 

9 

8 

9 

10 

11 

Gm. 
412 

4-26 

2-91 

2*22 

412 

4*26 

Gm. 
0*26 

0*24 

0-26 

0*18 

0*26 

0*24 

Gm. 
3*84 

3-91 

2*83 

2-26 

3-71 

3*69 

Gm. 
0-28 

0-26 

018 

0-22 

0-35 

0*31 

20  grammes    NaOo^    per 

diem. 
20  grammes    NaCog    per 

20  grammes  sodium  citrate 

per  diem. 
20  grammes  sodium  citrate 

per  diem. 
40  grammes  sodium  citrate 

per  diem. 
40  grammes  sodium  citrate 

per  diem. 

In  three  cases  of  severe  diabetes  [von  Noorden]  the  daily  administra- 
tion of  15  grammes  sodium  bicarbonate  had  absolutely  no  effect  on  the 
amount  of  ethereal  sulphates  or  on  the  intensity  of  the  indican  reaction. 
All  three  patients  were  kept  on  a  constant  diet  without  carbohydrates, 
and  in  addition  took  5  grammes  of  sodium  bicarbonate  in  the  morning 
before  breakfast,  5  grammes  at  bedtime,  and  5  grammes  in  Seltzer  water 
at  intervals  during  the  day. 


Case. 

Sugar. 

Ethereal 
Sulphates. 

Sodium 
Bicarbonate. 

1 
2 
3 

Gm. 
/420 
I  39-7 
/121 
\13*9 
/20-8 
\16-9 

Gm. 
0-212 
0-222 
0*198 
0*182 
0*246 
0-260 

Gm. 
16 
15 
16 
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Von  Pfungen  (50)  obtaiiied  a  somewhat  better  result  with  4  grammes 
of  sodiom  bicarbonate,  approximately  the  amomit  that  would  be  taken 
in  mineral  waters.  The  alkali  was  taken  with  the  chief  meals.  The  pro« 
portion  of  the  combined  to  the  preformed  sulphates  was  not  increased 
to  more  than  1  : 8,  while  the  quotients  1  : 7  and  1 : 6  were  frequently 
obtained.  No  figures  are  given  dealing  with  the  more  important  ques- 
tion of  absolute  values.  In  the  same  case  (obstipation)  the  diarrhosa 
caused  by  a  powerful  aperient  water  sent  the  quotient  down  to  1 ;  11 
and  1  :  30.  Obviously,  there  was  an  efFect  in  this  instance,  but  no 
absolute  amounts  were  estimated.  Gilbert  and  Dominici  (51)  produced 
the  same  result  with  purgative  salts  and  water. 

The  first  effect  of  calcium  carbonate  is  also  to  increase  the  ethereal 
sulphates — ^25  to  50  grammes  CaCO,  [Kast  (52)].  Von  Noorden  found 
that  25  grammes  CaCO,  per  diem  on  a  constant  diet  increased  the  ethereal 
sulphates  from  0*133  gramme  to  0-205  gramme ;  but  this,  unlike  Blast's 
results,  is  within  the  Umits  of  normal  variation.  The  following  figures 
were  obtained  by  Strauss  (54)  under  von  Noorden's  direction  : 


Case. 

Ethereal  Stdphatet  per  Diem. 

without  GaCO,. 

With  20-25  GTammea 
ChCOs. 

G. 
B. 

Om. 
0-285 
0-230 

Om. 
0-325 
0-286 

But  these  amounts  of  sodium  and  calcium  are  never  used  medicinally. 
Wendriner  (55)  found  the  indican  decreased  at  first  by  drinking  700  c.c. 
Neuenahr  water  daily.  The  weak  alkaline  Aqua  Santa  di  Roma  has  no 
effect  on  the  ethereal  sulphates  (47) ;  Batalin  bitter  water  (8*83  per 
thousand  MgS04  ^^^  7*79  per  thousand  Na,S04)  increases  them  (56).  The 
accompanying  rteum^  of  Forge's  results  with  Marienbad  Kreuzbrunnen 
(4*0  per  thousand  Na2S04)  is  of  interest  (57) : 


Case. 

Fore  Period. 

"Cure" 
Period. 

After  Period. 

Mineral  Water  DaUy  during 
"  Cure." 

1 
2 
3 
4 

Cm. 
0-1467 
0-1238 
01401 
01039 

Gm. 
01533 
01260 
01447 
0-1259 

Om. 
01545 
01285 
01317 
0-1228 

500  c.c.  Krouzbninnen. 
000     „ 
600     „ 
600     „ 

The  waters  had  no  effect  on  a  previously  normal  excretion  of  ethereal 
sulphates.  As  regards  the  total  sulphates  of  the  urine  and  faeces,  the 
remarkable  fact  was  ascertained  that  the  absorptive  and  excretory  effects 
of  the  sulphate  are  antagonistic  to  one  another.  In  a  case  of  "  oon- 
traoting  kidney*'  on  constant  diet  600  grammes  Hombuig  Elizabeth 
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water  (11-6  grammeB  chloridee  per  litre)  caused  an  increased  nitrogen 
output,  but  at  the  same  time  a  decrease  of  ethereal  sulphates,  whose 
amount  (0*23  gramme)  was  abnormally  high  in  proportion  to  the  limited 
meat  and  increased  milk  consumption  [von  Noorden]. 

The  intensity  of  the  indican  reaction  fell  with  the  ethereal  sulphates. 


Nitrogen. 

Bihereal  Sulj^uOes, 

Without  mineral  water    .. 
With 

Om. 
13-2 
16-0 

Om. 
0-23 
0-16 

Arsrage  of  10  dayi. 
ft               8    tt 

The  following  table  is  constructed  from  gastric  cases  investigated  by 
Fischmann  (28) : 


Disease, 

Averoife  of  Ethereal  StdphaUe, 

ConstoMi  Diet  plus— 

Foi« 
Period. 

"Cuw- 
Fttnod. 

Aftor 
Period. 

Hyperchlorhydria  and  obeti- 

Acnlorh3rdria  in  anemia 
Obstipation  (stomach  normal) 

Gm. 
0-373 
0-214 
0-217 

Gm. 
0-160 
0144 
0-200 

Gm. 
0-0761 
0-132  V 
0-147J 

500     CO.     Karlsbad 
Mtihlbnmnen 

In  the  absence  of  any  reliable  figures  dealing  with  the  iron  waters,  a 
table  showing  the  action  of  the  several  iron  salts,  compiled  from  the  works 
of  Th.  Momer,  may  be  appended  (58).  The  quantities  represent  averages 
of  individual  periods : 


Drug. 

Preformed 
Sulphates, 

Ethereal 
aulphaUs, 

Ratio. 

None 

Perchloride  of  mm  ( 1  gramme) 
Perchloride  of  iron  (3  grammes) 

None 

Lactate  of  iron  (3  grammes) 

Gm. 
3-723 
3-423 
3-498 
3-925 
3-455 

Gm. 
0-348 
0-341 
0-322 
0-361 
0-328 

1:10-7 
1:10-0 
1:10-8 
1 :  HI 
1 :  10-5 

The  ethereal  sulphates  were  slightly  diminished  in  this  instance. 
Conti  and  Vitalli  (69),  however,  were  unable  to  discover  such  decrease 
with  iron  preparations. 

Some  further  data  of  the  effects  of  chalybeate  waters  are  wanted,  and 
also  of  those  mineral  waters  generally  which  are  by  experience  approved 
in  diseases  of  the  intestine. 

Investigation  of  normal  conditions  promises  no  results  of  additional 
value.  The  cases  which  require  investigation  are  those  in  which  the 
ethereal  sulphates,  phenol,  indican,  and  other  evidences  of  bacterial 
decomposition  of  proteins  reach  an  abnormally  high  point. 
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v.— THE  INPLUENCIE  OP  MINERAL  WATERS  ON  THE 

BLOOD. 

A.— CONCENTRATION  OF  THE  BLOOD. 
1.  Excess  and  Want  of  Water. 

This  subject  has  been  zealously  and  profitably  studied  by  the  pioneers 
of  biochemistry  for  many  years  past.  The  result  of  their  researches  is 
clear  and  instructive.  In  a  healthy  man,  the  drinking  of  an  excessive 
amount  of  water  at  one  time  can  in  a  short  while  (one-half  to  two  hours) 
lower  the  density  of  the  blood  slightly,  and  the  coagulability  drops  to 
i  or  even  1  per  cent. ;  but  this  change  is  soon  past,  and  the  normal  con- 
centration  regained  [Lloyd-Jones,  etc.  (1),  literature  given  by  Glax  (2)]. 
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Leichtenstem  allowed  a  healthy  man  tojdrink  during  three  consecutive 
days  a  total  amount  of  21}  litres  of  distilled  water  without  producing 
any  marked  change  in  the  hiemoglobin  (which  was  examined  two  or  three 
times  a  day) ;  but  if  the  excretion  of  water  is  interfered  with,  as  in  cardiac 
or  renal  disease,  this  is  not  the  case.  Leichtenstem  mentions  a  pati^it 
whose  coe£Bicient  of  excretion  with  ordinary  quantities  of  water  only 
averaged  1106 ;  when  he  drank  3,000  to  5,000  c.c.  of  distilled  water  for 
five  days  diuresis  certainly  increased,  but  still  remained  considerably 
less  than  the  intake.  The  coefficient  of  excretion  fell  to  0*974,  or  about 
12  per  cent. 

Authob'8  Tabls  or  Emors  or  Kjdnit  Disxasb. 


DiaeoH, 

Caae. 

1,600  ex.  Fluids, 

3,500  6.e.  Fluids. 

ATenm 

DiUIC^B. 

Bpedflc  Qrvrity 
of  Blood. 

Ayenge 
Diuz«dB. 

of  Blood. 

Chronio    nephritis 
with  dropsy        1 

Chronio    Nephritis 
without  dropsy   j 

1 
2 
3 

1 
2 
3 

CO. 

450 
700 
760 

1,200 
1,160 
1,300 

1047 
1050 
1060 

1065 
1064 
1064 

cc 

960 

1.400 

1,250 

2.700 
2,400 
2,200 

1043 
1045 
1042 

1055 
1062 
1050 

These  are  a  few  selected  instances. 

There  are  many  such  determinations  published.  In  a  case  of  chronic 
parenchymatous  nephritis,  where  the  water  taken  was  in  excess  of  the 
diuresis,  it  was  observed  that  the  freezing-point  of  the  blood  fell 
within  three  days  from  —  0'66®  to  —0-62° ;  or,  in  another  case,  within 
four  days,  from  -OW  to  -0-57°  [Kovesi  and  Roth-Schulz  (3)]. 

A  permanent  hydrsemia  only  appears  in  kidney  disease  after  many 
dajrs'  indulgence— or  misindulgence,  rather — ^in  excessive  amounts  of  fluid. 
Single  draughts  leave  the  blood  concentration  untouched  even  in  kidney 
disease.  Steyrer  (4)  relates  this  fact  of  a  case  of  parenchymatous  nephritis 
where  more  than  a  litre  of  water  was  drunk  at  once. 

Deficiency  of  water,  on  the  contrary,  has  a  much  greater  effect  upon 
the  blood  density  both  in  health  and  disease  (5).  In  an  anaemic  patient 
undergoing  the  "  thirst "  cure  (800  c.c.  water  per  diem)  the  specific  gravity 
of  the  blood  rose  from  1046  to  1056,  and  that  of  the  serum  from  1027  to 
1 033-6  [Salomon  (6)]. 


2.  Saline  Mineral  Waters  and  Solutions. 

The  strong  saUne  aperient  waters  have  a  similar  transitory  effect  (6). 
For  their  action  on  diffusion  and  secretion  in  the  bowel,  vide  Pharma- 
cology. 

The  increase  of  blood  density  does  not  always  occur  at  the  same 
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rate  in  every  individual.  Grawitz  (6)  records  a  rise  of  specific  gravity 
from  1060  to  1062*6  fifteen  minutes  after  taking  sodium  sulphate  (15 
grammes  in  a  little  water).  In  another  case  of  obstipation  15  grammes 
magnesium  sulphate  in  50  c.c.  of  water  produced  no  change  in  fifteen 
minutes,  and  after  a  further  twenty  minutes  the  specific  gravity  rose 
from  1060-8  to  1063*9,  and  for  half  an  hour  remained  above  1062.  In 
obstipation,  this  is  only  an  interesting  by-phenomenon,  but  in  the  treat- 
ment of  dropsy  it  is  an  important  factor.  The  free  catharsis  caused  by 
strong  aperient  waters  was  highly  esteemed  by  the  older  physicians  for 
dropsies  of  all  sorts,  especially  renal,  and  was,  in  fact,  the  recognised 
basis  of  treatment :  one  which,  perhaps,  the  younger  generation  neglect, 
to  their  own  no  small  loss. 

The  judicious  use  of  purging  in  hydrsemia  and  dropsy  is  a  valuable 
remedy,  and  could  fairly  replace  the  now  more  popular  '*  hot-air  bath  "; 
but  the  amount  of  water  drunk  must  be  strictly  limited,  for  without  this 
precaution  purging,  however  drastic,  will  be  of  no  avail. 

So  far  only  the  fringe  of  a  huge  subject  has  been  touched.  There  is 
much  to  be  learnt  of  the  effects  of  sjrstematic  purging  on  the  blood,  of 
the  appropriate  amounts,  concentration,  and  kind  of  aperient  waters, 
and  of  the  state  of  the  fseces  as  found  by  complete  analysis. 

Therapeutic  results  can  only  be  obtained  after  diarrhoea  has  con- 
tinued for  some  time.  A  single  dose  of  concentrated  salt  solution  has 
no  effect  on  the  blood.  In  one  case  Strauss  (8)  gave  10  grammes  NaCl 
in  200  c.c.  water  without  any  change  of  freezing-point  (A«  —  0'61®)  or  of 
electrical  conductivity  (106*7  S.E.).  The  salt  content  of  the  blood,  which 
possesses  a  definite  concentration  maintained  with  great  tenacity,  and 
only  yielding  to  very  powerful  influences,  was  also  unaltered. 

Cathartics  used  to  be  employed  in  pleural  and  peritoneal  exudations, 
and  effusions  into  joints.  Unfortunately,  it  was  found  that  these  drugs 
required  such  a  vigorous  administration  that  the  general  health  was 
apt  to  suffer  serious  damage ;  and  this  is  the  reason  also  why  Schroth's 
"  thirst "  cure,  which  theoretically  had  a  similar  action,  is  now  no  longer 
in  favour.  In  persistent  effusions,  well-regulated  purging  in  conjunc- 
tion  with  restriction  of  fluids  might  perhaps  give  better  results  by 
gradually  increasing  the  concentration  of  the  blood  and  causing  resorp- 
tion of  the  accumulated  transudate  and  exudate. 

Rothschild's  (9)  efforts  to  solve  this  problem  were,  unfortunately, 
based  on  the  erroneous  premise  that  weak  hypertonic  mineral  waters — 
e.g.,  NaCl  and  soda — could  raise  the  molecular  concentration  of  the 
blood,  and  so  reverse  the  flow  of  fluid  from  the  exudates  back  into  the 
blood. 


B.— MOLECULAR  CONCENTRATION  OF  THE  BLOOD. 

The  question  of  altering  the  blood  density  by  drinking  fluids  becomes 
mvested  with  fresh  interest  since  physical  chemistry  has  been  applied 
to  the  study  of  the  osmotic  tension  of  mineral  waters.    Hopes  began  to  be 
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awakened  that  in  this  direction  might  be  found  in  the  mineral  waters 
of  varying  molecular  concentration  an  easy  and  accurate  means  of  influ- 
encing the  osmotic  tension  of  the  blood,  and  with  it  the  water  and  salt 
content  of  the  tissues.  Unfortunately  these  hopes  were  vain,  for  the 
previous  sections  will  have  made  it  clear  that  in  the  determination  of 
molecular  concentration  we  only  possess  a  new  measure  for  old  values 
which,  by  other  equally  good  measures,  had  been  long  ago  accurately 
established,  and  were  well  known. 

Following  Diinschmann's  (10)  experiments  on  animals,  Grube  (11) 
studied  the  effects  of  Neuenahr  Sprudel  water,  which  is  hypo-isotonic 
(A  =  0095''  to  0116'').  The  investigations  included  a  fore  period  of  five 
days  with  ordinary  diet,  etc.,  a  second  period  in  which  I  litre  of  plain 
water  was  taken  daily,  and  finally  the  main  period  of  seventeen  days, 
during  which  the  same  amount  of  Neuenahr  Sprudel  water  was  sub- 
stituted (temperature  40*^  C).    The  following  results  were  obtained : 


Fore  Period. 

Plains  Water 
Period. 

NeuetiaJ^ 
Period. 

OBmoiJo  teoBion  of  the  blood 
Water  content  of  the  blood  . . 

PerOtnt 

0-233 

78-300 

PerOoDt 

0-213 

77-880 

Percent. 

0-242 

77-760 

The  blood  was  tested  several  times  a  day  with  Kdppe's  hsBmatocrit. 

Grube's  conclusions  are  that  by  taking  simple  warm  water  regularly 
for  a  considerable  time  the  osmotic  tension  is  reduced,  and  there  is  also 
a  decrease  in  the  water  content. 

The  intake  of  a  warm  mineral  water  under  the  same  conditions  pro- 
duces an  increase  in  osmotic  tension  and  a  decrease  in  the  water  content 
of  the  blood. 

These  changes  appear  at  first  to  be  only  temporary,  being  present  only 
during  the  few  hours  following  the  water-drinking.  After  regular  ad- 
ministration of  the  mineral  water  they  become  of  a  more  permanent 
character. 

Engelmann  (12)  made  a  similar  personal  investigation  with  500  c.c. 
of  hjrpensotonic  Ejreuznach  water  (As  —1-03^),  using  Koppe's  haemato- 
crit  also.    He  records  the  following  figures  : 


Osmotio  tension  in  plasma  (average) 


Fore  Period 

{Ten  Days). 

-0-494^ 


Kreuznaeh  Period 
{Nineteen  Days). 


Here,  too,  a  marked  increase  occurred. 

Seeing  that  by  Strauss  (13)  and  Grossmann  (14)  some  doubt  was 
thrown  upon  the  value  of  the  experiment,  and  especiaUy  upon  the 
reliability  of  the  haematocrit,  Grube  (16)  repeated  his  investigations 
with  Beckmann's  apparatus.  The  accompanying  table  gives  his 
findings : 
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End  of  Fore 
Period. 

End  of  Water 
Period. 

Seven  Days 

Neuenakr 

Sprudd  Water. 

Fourteen  Days 

Neuenakr 
Sprvdel  Water. 

A  of  Uood-serum 

Dnr  residue,  per  cent.  . . 

ABh,  per  cent 

Nitrogen  in  total  blood, 
per  cent.         . .         . « 
Hnnu^lobin 
Erythrocytes 

-0-662** 

20-370 

0-713 

3-220 

102-000 

6,420,000 

-0-668° 

22-340 

0-782 

3-610 

106-100 

6,610.000 

-0-587° 

22-260 

1-002 

3-490 

108-600 

6.620,000 

-0-687° 

22-480 

1-006 

3-520 

111-200 

6,724,000 

Grube  sums  up  his  results  under  three  headings  : 

1.  Decrease  of  water  content. 

2.  Increase  of  ash. 

3.  Increase  of  osmotic  tension. 

Strauss  and  Grossmann  obtained  quite  different  results.  Strauss 
found  that  in  a  patient  suffering  from  gastric  fistula,  500  c.c.  of  a  2  per 
cent,  strongly  hyperisotonic  saline  solution  had  no  effect  on  the  osmotic 
tension  of  the  chyle  (A  after  four  hours  remained  at  —0-64°  C). 

Grossmann  repeated  on  himself  Grube's  experiment  with  hypo-isotonio 
Neuenahr  and  hyperisotonic  Salzschlirf  Bonifacius  water  (A=  -0*90°). 
However,  he  only  drank  600  c.c,  and  examined  not  the  blood  but  the 
serum,  which  is  a  more  accurate  method. 


Date. 

Water  and  Period. 

A. 

NaCl. 

Nitrogen. 

Residue. 

Ash. 

May  25 
Jane  16 

July    1 
July  20 

Beginning  of  experiment 
After  20  days  (Neuenahr 

water) 

16  days'  interval 

After    20    days    (Boni- 

facius  water)  .. 

-0-54° 

-0-54° 
-0-53° 

-0-54' 

For  Gent. 
0-568 

0-669 
0-560 

0-586 

Percent. 
M8 

1-26 
1-22 

119 

Percent. 
9-35 

9-29 
9-62 

9-74 

Percent. 
0-92 

0-96 
0-98 

0-92 

In  this  case,  neither  of  the  waters  affected  the  osmotic  tension.  These 
apparent  contradictions  require  explanation ;  at  first  sight  Grossmann's 
result  seems  more  likely  to  be  correct.  Strauss  (8)  points  out  that  the 
blood  in  health — disregarding  the  slight  variations  which  Koppe  (16) 
has  shown  to  be  phjrsiological — ^maintains  a  wonderfully  stable  molecular 
concentration,  and  that  such  trifling  interference  as  the  drinking  of 
large  amounts  of  mineral  water  cannot  produce  any  permanent  effect 
on  this  important  biophysical  constant.  It  must  be  borne  in  mind, 
however,  that  observations  made  on  the  healthy  subject  do  not  neces- 
sarily hold  good  in  disease,  especially  in  those  diseases  which  show  patho- 
logical changes  in  the  blood  density ;  possibly  under  these  conditions 
the  molecular  concentration  behaves  somewhat  aiter  the  fashion  of  the 
temperature.  The  investigation  of  this  aspect  of  mineral  waters  i^  still 
only  in  its  infancy. 
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C— HEMOPOIESIS. 

Mineral  waters  have  long  enjoyed  the  reputation  of  promoting 
haemopoiesis.  By  haemopoiesis  is  understood  an  increase  in  the  percentage 
of  haemoglobin  and  erythrocytes.  Chalybeate  waters,  of  course,  are 
r^arded  as  the  most  efficacious,  but  arsenical  waters  occupy  a  good 
second  place. 

1.  The  Effects  of  Iron  in  OeneraL 

We  cannot  discuss  here  the  theories  as  to  the  action  of  iron.  Von 
Noorden  (17)  has  dealt  with  the  subject  from  a  general  aspect,  and  has 
shown  that  the  value  of  iron  in  anaemia  depends  less  upon  restoring  to 
the  S3rstem  the  actual  amount  of  iron  that  is  lacking  than  upon  a  direct 
chemical  stimulation  of  the  blood-forming  organs.  In  this  respect 
iron  acts  like  arsenic  and  many  other  recognised  remedies  (c/.  17  and 
section  Pharmacology  in  this  book). 

Many  observers  deny  that  iron  has  any  curative  powers  in  anaemia, 
es!pecially  chlorosis,  but  they  attribute  definite  results  of  a  far-reaching 
nature  to  the  accompaniments  of  treatment,  diet,  hygiene,  etc. 

In  many  forms  of  secondary  anaemia  the  doubt  is  justified ;  at  least, 
good  feeding  and  nursing  play  so  large  a  part  in  the  return  to  health 
that  it  is  difficult  to  say  that  the  iron  administered  has  any  share  in  the 
cure,  and  cases  are  common  enough  in  which,  through  insufficient  food, 
wretched  surroundings,  nervous  depression,  or  some  coexisting  chronic 
disease,  iron  alone  is  useless. 

Only  when  the  cause  is  removed  does  the  anaemia  disappear ;  above 
all,  iron  is  unavailing  in  those  cases  where  the  anaemia  is  due  not  to 
defective  blood-formation,  but  to  excessive  blood-destruction,  for  iron 
only  assists  in  blood-formation,  and  we  know  that  in  toxic  and  infective 
anaemias  (pernicious  anaemia  included)  many  other  factors  than  mere 
want  of  iron  are  at  work. 

The  same  holds  good  in  the  anaemia  which  follows  septic  or  infectious 
fevers,  where  the  exceptional  demand  made  on  the  blood-forming 
organs  during  a  protracted  illness  leaves  them  in  a  state  of  exhaustion 
or  fatigue.  Practical  experience  is  very  discouraging  under  these  condi- 
tions. The  general  nutrition,  which  has  been  so  sadly  damaged,  must 
first  be  made  good  before  the  blood  can  recover,  and  when  the  health 
as  a  whole  is  restored,  the  blood,  as  a  rule,  follows  suit  spontaneously ; 
perhaps  the  use  of  iron  hastens  the  course  of  events,  but  there  is  little 
proof  of  it.  This  is  not  true  of  chlorosis,  a  disease  which  seems  to  arise 
sua  sjxmte  even  under  apparently  most  favourable  conditions  of  life. 
Although  empirically  it  has  been  placed  beyond  dispute  that  iron  does 
marked  good  in  chlorosis,  still  the  disease  may  in  part  be  due  to  a 
debility  of  the  blood-forming  organs  dependent  upon  an  absence  or 
deficiency  of  the  physiological  chemical  impulses  which  normally  proceed 
from  the  female  generative  organs — ^impulses  which  can  be  stimulated  in 
other  ways  than  by  the  exhibition  of  iron.    So  that  lack  of  iron  as  the 
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determining  factor  in  the  production  of  chlorosis  is  a  point  as  yet  *'  not 
proven,"  and  the  same  holds  good  of  the  "  cure  "  of  chlorosis  by  the 
administration  of  iron.  Athough  the  theoretical  action  of  iron  may  be 
questioned,  its  practical  results  in  deficient  states  of  the  haemoglobin  or 
corpuscles  have  been  convincingly  demonstrated  in  ways  that  admit  no 
argument  (18). 


2.  Chalybeate  Waters. 

The  effects  of  iron-containing  waters  have  been  more  fully  discussed 
in  past  times  than  of  recent  years  (19). 

We  give  a  table  of  a  few  cases  treated  with  600  to  800  o.c.  freshly 
drawn  Schwalbach  chalybeate  water.^ 

TABLE  OF  HEMOGLOBIN  CONTENT  OF  THE  BLOOD. 

PSBCXNTAOIS  BT  FlXISCHL'S  OB  Gk>WXBS'  HjEMOGLOBnfOMBTBBS. 


Case. 

Before  Treatment. 

After  Two  or  Three 
Weeks. 

Five  to  Six  Weeks. 

1 
2 
3 
4 
6 

66 
61 
60 
68 
70 

72 
69 
62 
65 
80 

81 
73 
76 
80 
95 

The  patients  were  all  girls  with  uncomplicated  chlorosis  who  had  not 
been  previously  treated  with  iron ;  no  changes  were  made  in  their  diet 
or  mode  of  living. 

We  give  also  a  table  of  results  obtained  by  PfeifFer  in  Schwalbach  : 


Case. 

Before  Trealment. 

After  Five  Weeks  "  Best  Cure  " 
at  Schwalbaeh. 

HaDmofflobin. 

Bed  Corpuadaa. 

HannogloUn. 

Bed  CoipuMdM. 

1 
2 
3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

60 
72 
60 
80 
60 
75 
60 
80 
83 
40 
28 
60 
65 
50 
62 
70 
65 

4.500.000 
4.500.000 

4.025,000 
4.000,000 
4,100,000 
4.500.000 

3.60a000 
4.100.000 
4,300.000 
4,000,000 
4.000,000 
4.500.000 

80 
80 
75 
98 
85 
95 
85 
92 
90 
76 
38 
80 
85 
60 
82 
100 
100 

4.560.000 
4.500.000 

6.000.000 
4.600.000 

^  For  changes  in  chalyboate  waters  due  to  bottling  and  storing,  cf.  yon  Noorden  and 
Binz  (20). 
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Li  these  resultSy  baths,  fresh  air,  sun,  and  diet  must  be  taken  into 
account. 

It  has  often  been  observed  that  the  natural  iron  waters  are  more 
beneficial  in  chlorosis  than  the  iron-containing  drugs.  The  question  is 
a  complicated  one ;  dilution,  an  empty  stomach,  and  rapid  absorption, 
all  combine  to  make  spa  treatment  more  effective  than  cuiy  carried  out 
at  home.  The  chalybeate  waters  contain  very  little  iron,  perhaps  only 
0-025  to  0-03  gramme  per  day,  while  in  the  ordinary  medicinal  treat- 
ment often  as  much  as  0-07  to  0-12  gramme  per  diem  are  administered. 


3.  Arsenic  and  Arsenical  Waters. 

Few  mineral  waters  which  contain  arsenic  without  iron  are  used 
medicinally.  Val  Sinestra  water  is  perhaps  the  only  example ;  the  iron 
it  contains  is  a  mere  trace  (less  than  1  centigramme  per  litre),  and  the 
usual  daily  allowance  of  this  water  would  not  amount  to  more  than 
7  milligrammes  of  iron,  an  infinitesimal  dose ;  at  the  same  time,  3  to  4 
milligrammes  of  arsenic  would  be  taken,  which  is  a  relatively  large 
quantity. 

Henius  (21)  reported  the  following  figures  from  three  cases  of  chlorosis 
treated  in  von  Noorden's  clinic  : 


Case, 

Date. 

EfffOiTocifUa. 

Hasmof^cibin, 

1 

/October  26.  1903 
\Novemb6r  13. 1903 

3.600,000 
3.900.000 

40 

75 

2 

/October  25.  1903 
\November  20.  1903 

3.460.000 
4.430.000 

60 
70 

3 

/October  8.  1903 
\October  26,  1903 

3.120,000 
4.200.000 

66 
80 

For  the  effects  of  pharmaceutical  preparations  of  arsenic  c/.  section 
Pharmacology  and  reference  17. 

Mineral  waters  which  contain  both  arsenic  and  iron  (especially 
sulphate  of  iron)  are  rapidly  growing  in  favour.  Qinically,  their  value 
is  indisputable,  but  so  far  it  has  not  been  possible  to  estimate  separately 
the  effect  of  the  arsenic  or  the  iron.  In  certain  diseases  of  the  hsemo- 
poietic  system,  such  as  pernicious  anaemia  and  leuchsemia,  it  has  been 
thoroughly  established  that  iron  alone  is  useless,  while  with  arsenic — at 
least,  in  some  cases — good  results  are  obtainable.  The  iron  and  arsenical 
waters  are  employed  at  home  cuid  in  hospitals  quite  as  much  as  at  the 
spas ;  they  do  not  seem  to  deteriorate  when  bottled  like  the  carbonate 
of  iron  waters. 

The  following  table  gives  a  brief  rfeum^  of  published  results.  All  the 
cases  are  simple  except  Ewald's  (hysteria  and  anaemia)  and  laermberger's 
(anchylostomiasis) : 
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Observer. 

Before  Treatment, 

After  Treatment. 

Duration 

Waters. 

in  Weeks. 

Hemoglobin. 

Corpuflcleii. 

Hemoglobin. 

Corpuacloa. 

Ewald       and 
Dronke  (22) 

Per  Cent. 
82 

5,120.000 

82 

6,400.000 

9 

Levioo. 

Beinl  (19)       . . 

f45 

52 

(28 

3.697.000 
3.797,000 
2,230.000 

102 
92 
95 

4.960.000 
5.523.000 
3,200,000 

01 
6   - 
5 

Levico. 

Von  Noorden 

r45 

55 
'    45 

Us 

4.000.000 
3,900.000 
3.500.000 
4,500.000 

76 
85 
85 
95 

4.700.000 
4.800.000 
4.750.000 
4.550.000 

^>1 
6  I 

6j 

Roiioegno. 

Iiennb0rger(23) 

■ 

ri8 

17 

30 

20 

.35 

1,454.000 
1.560.000 
2.160.000 
1.562.000 
3.375,000 

61 
91 
82 
66 
90 

4,600,000 
4.200,000 
6,070.000 
3.837,000 
4.766,000 

131 

14 

12 

16 

15 

- 

Leyico. 

This  subject  has  hitherto  been  somewhat  neglected,  although  recent 
advances  in  the  methods  of  clinical  research  might  throw  fresh  light  on 
the  complex  problem  of  the  combined  action  of  arsenic  and  iron. 


D.— ALKALMITT  OF  THE  BLOOD. 

It  is  impossible  to  consider  the  effects  of  alkalis  on  the  blood  and 
intermediate  processes  of  metabolism  separately  from  those  on  the 
urine,  so  that  many  facts  which  might  figure  in  this  section  will  be  found 
in  their  proper  place  under  Urine. 

Very  little  is  known  of  these  effects  of  alkalis  in  general,  and  much 
less  when  we  deal  only  with  the  amounts  and  varieties  of  alkalis  found 
in  medicinal  waters.  Hardly  any  mineral  waters  contain  more  than 
5  grammes  NaHCOs  per  litre  (Vals  Madeleine,  Vichy  Celestin,  and 
Grand  Qrille  Passuger  Ulricus) ;  in  the  next  rank  are  Biliner  (4-6  grammes) 
and  Fachinger  (3-6  grammes) ;  then  Carlsbad,  Marienbad,  Franzensbad, 
Salzbrunn,  Oberbrunnen,  Ems,  La  Bourboule,  Boyat,  Neuenahr,  with 
considerably  less  alkali.  Changes  of  alkalinity  in  the  blood  itself  cannot 
be  demonstrated  (24). 

Freudberg  (25)  found  in  man  a  very  slight  and  transitory  increase  of 
alkalinity  by  Sahli's  method.  Foderit  and  Ragona  (26)  observed  a 
trifling  increase  after  very  large  amounts  of  alkali  (I  gramme  per  kilo- 
gramme body-weight),  but  this  only  occurred  on  a  vegetable,  and  not  a 
meat  diet.  Pergami  (27)  corroborates  this  for  rabbits.  We  should  not 
attach  so  much  importance  to  these  changes  occurring  in  vegetarians, 
for  Walter  (28)  has  already  shown  that  the  chemical  reaction  of  their 
blood  is  much  more  liable  to  variation. 

Burmin  (29),  who  reports  an  isolated  case  of  increased  blood  alkalinity 
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from  drinking  daily  one  bottle  of  Kronenquelle  (=164  to  182  milli- 
grammes NaOH),  based  on  a  single  estimation,  cannot  be  credited  with 
having  settled  the  question  once  and  for  aU.  In  fact,  all  the  variations 
recorded  are  very  small,  while  all  the  methods  employed  are  inexact. 

The  continuous  administration  of  alkalis,  especially  sodium,  lithium, 
potassium,  and  calcium,  can  produce  changes  of  reaction  in  the  blood 
and  tissues,  consisting  chiefly  of  variations  in  the  inorganic  composi- 
tion, which  are  not  without  some  bearing  on  the  intermediate  processes 
of  metabolism,  possibly  of  a  catalytic  nature  affecting  disintegration  and 
oxidation. 

There  has  in  times  past  been  a  great  talk  about  "  increased  metabo- 
lism," "  stimulation  of  the  processes  of  oxidation,"  and  the  "  alterative 
effects,"  due  to  mineral  waters,  in  proof  of  which  is  quoted  the  actual 
decrease  of  uric  acid,  oxalic  acid,  and  the  neutral  sulphates  in  the  urine. 
These  theories  seemed  to  explain  the  therapeutic  results  of  the  "  water 
cures  "  in  obesity,  diabetes,  and  gout. 

As  a  matter  of  fact,  many  chemical  processes  may  take  place  in  a 
test-tube,  according  as  more  or  less  alkali  is  added.  The  solubility  of 
urates  depends  to  a  great  extent  on  the  alkali  or  salts  in  the  solvent. 
Sodium  carbonate,  even  in  small  amount,  retards  the  diastase  fermenta- 
tion of  glycogen  [Gans  (30)].  Upon  this  fact  the  observer  builds  up  a 
magnificent  theory  that  in  diabetes  the  administration  of  soda  will  act 
similarly,  and  delay  the  converting  of  liver  glycogen  into  sugar,  thus 
giving  time  for  the  free  sugar  already  formed  from  the  glycogen  to  be 
oxidized  before  fresh  sugar  is  poured  in,  so  that  the  blood  is  protected 
from  an  excess  of  sugar.  Although  this  theory  meets  with  little  en- 
couragement clinically,  an  explanation  of  what  ought  to  happen  is  ready 
to  hand.  The  chemistry  of  the  test-tube  does  not  coincide  with  the 
phenomena  of  biology  ;  some  links  in  the  chain  of  evidence  are  too  often 
lacking.  We  do  not  know  the  temporary  resting-places,  nor  the  ultimate 
destinations,  of  the  alkalis  consumed,  while  they  are  circulating  through 
the  various  organs  or  are  eventuaUy  retained  in  the  organism. 

At  what  spot  in  the  tissues  does  the  alkali  absorbed  by  the  stomach 
come  to  the  full  development  of  its  innate  properties  ? 

The  organism  still  guards  this  secret  in  diabetes,  in  spite  of  the  most 
searching  examinations  of  the  blood  and  tissues,  sometimes  with  and 
sometimes  without  the  previous  administration  of  alkalis  [Magnus- 
Levy  (31)].  The  amount  of  fixed  alkali  is  practically  the  same  in  either 
case. 

From  former  analyses,  and  the  more  recent  work  of  Abderhalden  (32) 
and  Rumpf  and  Dennstedt  (33),  it  is  well  known  how  variable  sure  the 
proportions  of  inorganic  constituents  or  bases  in  the  blood  and  organs 
of  persons  who  have  died  of  disease.  The  alkalis  in  particular  seem  to 
have  no  definite  proportions  ;  their  relations  to  nutrition  and  disease  are 
most  uncertain  and  inconstant.  Inorganic  substances  do  not  obey  the 
same  strict  rules  of  intake  and  output  which  govern  nitrogen  and  the 
mineral  acids.  The  taking  of  one  alkali  may  affect  the  output  of  another, 
so  that  the  relative  composition  of  the  body  as  regards  alkalis  is  for  the 
time  being  altered. 
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Von  Noorden  (34),  in  1893,  gave  a  girl  suffering  from  chronic  articular 
rheumatism  about  a  litre  of  milk  daily,  with  5  grammes  CaCl  and  5 
grammes  GaNO,,  during  a  period  of  three  weeks.  During  this  time  more 
than  12  grammes  of  potassium  and  20  grammes  of  calcium  were  retained 
in  the  tissues,  while  large  amounts  of  sodium  salts  were  excreted.  That 
the  calcium  contained  in  certain  food-stuffs  can  accumulate  in  large 
quantities  has  been  frequently  shown. 

There  can  be  no  question  that  in  the  selection  and  administration  of 
alkalis  we  possess  a  powerful  means  of  working  great  changes  in  the 
alkaline  constitution  of  the  body.  The  aims  we  have  in  view,  the  pro- 
cesses we  set  in  operation,  and  the  results  we  achieve,  sure  all  profoundly 
obscure,  and  even  if  we  could  unravel  the  mysteries  of  health,  they 
might  still  baffle  us  in  disease. 

Inorganic  changes  must  surely  be  of  great  importance  in  many  of  the 
processes  of  metabolism,  but  our  clinical  and  experimental  data  are 
confined  only  to  an  insignificant  portion  of  the  whole.  Investigations 
have  been  attempted  upon  the  calcium  exchange  in  diseases  of  joints 
and  bone,  calcium  and  magnesium  loss  in  diabetic  acidosis,  the  inorganic 
output  in  chronic  infections  ('*  demineralization  "  in  tuberculosis),  and 
in  quite  recent  times  upon  the  *'  chloride  balance  "  in  kidney  disease. 
At  present  there  is,  perhaps,  a  tendency  to  overestimate  the  therapeutic 
capabilities  of  our  scanty  knowledge,  but  we  are  opening  up  new  and 
unexpected  fields  of  research,  in  which  one  day  a  fruitful  harvest  may 
be  reaped. 

The  penetration  of  the  dark  by-paths  of  mineral  metabolism  will 
benefit  balneology  above  everything.  The  knowledge  that  by  sjrste- 
matic  incorporation  of  certain  bases  or  acids  into  the  blood  we  can  affect 
certain  tissues  or  control  certain  biochemical  processes  will  place  the 
therapeutic  effects  of  mineral  waters  on  a  secure  and  scientific  founda- 
tion. 

The  very  number  of  mineral  waters  and  the  diversity  of  their  com- 
position offer  us  in  pleasant  and  handy  forms  fixed  combinations  which 
may  be  made  to  fulfil  all  our  requirements  and  comply  with  our  nicest 
calculations.  Many  problems  in  balneotherapy  might  be  solved  from 
this  standpoint,  and  the  cautiously  sceptical  theorist  may  one  day  stand 
ashamed  before  the  acumen  of  the  empiric. 
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or  withhold  the  alkalis ;  in  this  way,  oomparatively  small  doses  of  alkali 
suffice  for  the  avoiding  of  exacerbations  of  acidity  on  the  one  hand,  and 
absolute  alkalinity  on  the  other. 

Von  Noorden  insisted  many  years  ago  on  the  importance  of  esti- 
mating individually  the  alkalinity  of  the  whole  of  the  urine  passed  by 
every  patient,  a  tedious  process  demanding  such  scientific  accuracy 
that  the  advice  has  been  neglected,  while  hard-and-fast  rules  have  been 
preferred  which  save  trouble,  sound  profoundly  wise,  and  cloak  ignorance. 


Table  op  RxAcnoN  with  Various  Alkalis  and  Alkalins  Watkss. 

Mineral  WaUf  or  Alkali. 

Beaditm  of  Urine 
varying  between — 

None       

One     tumbler     of    Wildun^en 

Helene  spring  erery  morning 

before  bie«k£ist 
Ditto4-3  grammes  sodium  bi- 

oarbonate 
The  mineral  water  and  alkali  in 

the  eyening  between  6  and 
1      7  o'clock 
The  mineral  water  alone  in  the 

morning    between     11     and 

12  o'clock 
'  The  mmeral  water  and  alkali  in 

the  morning  between  11  and 

1  o'clock 

+  9-5  and  - 1-0^ 
+  80  and  -1-6 

+  6-5  and  -40 
+  8-0 and  -3-0  *- 

+  7-0  and  -1-0 

+  2-6  and  -0-6. 

The  4-  figure =c.c.  decinormal 
NaOH  solution  required  to 
neutralize  25  c.c.  of  acid  urine. 

The  -  figure = c.c.  decinormal 
Hd  required  to  neutralize  the 
alkalinity. 

Nora. — ^In  the  last  case  the  bulk  of  the  urine  passed  had  a  weak  alkaline  reaction, 
contrary  to  the  previous  results. 

Salts  of  sodium  (carbonate,  citrate,  etc.)  are  generally  employed  to 
reduce  the  acidity,  or  else  waters  which  contain  them  (Fachingen,  Vichy, 
Vals,  etc.).  The  salts  of  the  alkaline  earths  seem  to  offer  certain  ad- 
vantages. Even  after  very  large  doses  of  calcium  carbonate  have  been 
taken,  only  traces  of  calcium  are  found  in  the  urine,  most  of  it  being 
unabsorbed,  or  taken  up  and  excreted  by  the  mucosa  of  the  large  intestine. 
With  excessive  quantities  of  calcium  carbonate  (20  to  30  grammes  per 
diem)  the  urine  is  scarcely  ever  alkaline;  in  fact,  it  remains  faintly 
acid.  This  is  a  distinct  advantage.  A  still  greater  benefit  is  that 
calcium  in  the  intestinal  canal  before  its  absorption,  and  perhaps  also 
during  its  re-excretion  into  the  bowel,  combines  with  phosphoric  acid, 
and  so  prevents  its  transf errence  to  the  kidneys  and  urine.  Thus  the  total 
amoimt  of  phosphates  in  the  urine  is  diminished,  and,  as  the  reaction  of 
the  urine  approaches  alkalinity,  the  proportion  of  disodium  to  mono- 
sodium  phosphates  is  modified  in  favour  of  the  former  (5).  The  decrease 
in  phosphates  depends  in  reality  on  a  relative  and  absolute  decrease  of 
the  monosodium  phosphate,  a  substance  which  directly  promotes  the 
precipitation  of  uric  acid ;  while  the  relative  excess  of  disodium  phosphate, 
which  is  capable  of  dissolving  uric  acid,  is  left  free  to  exert  a  greater 
effect  [Zemer  and  Fitter  (19)]. 

These  experiments,  however,  only  refer  to  the  chemical  preparations 
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of  calcium  carbonate.  Whether  the  small  quantities  contained  in  many 
waters  will  act  similarly  remains  to  be  proved.  The  short  communica- 
tions of  Kish  and  Heim  (20)  upon  Marienbad  and  Inselbad  waters,  which 
state  that  no  decrease  of  monosodium  phosphate  takes  place,  cannot 
be  regarded  as  conclusive,  for  the  diet  was  not  kept  absolutely  constant. 

Dilution  of  the  urine,  weakening  of  the  acid  components,  decrease  of 
the  relative  and  absolute  amount  of  disodium  phosphate,  are  naturally 
not  the  only  factors  upon  which  the  solvent  properties  of  urine  for  uric 
acid  depend ;  the  presence  of  various  other  salts,  their  proportions,  and 
the  amount  of  urochrome,  no  doubt  all  contribute  to  this  end. 

A  number  of  conditions  have  been  examined  and  described  by  His 
and  Paul  (17).  It  appears  that  the  00^  dissolved  in  the  urine  has  some 
influence.  A  considerable  part  of  the  GO2  contained  in  our  food  and 
drink  always  finds  its  way  into  the  urine,  especially  when  an  endeavour 
is  made  to  bring  about  a  weak  acid  or  actually  alkaline  reaction.  As  an 
example,  the  urine  (upon  a  constant  diet)  contains,  when  plain  water  is 
drunk,  136  c.c.  OOf  per  diem,  and  480  c.c.  OO2  when  an  equal  amount  of 
the  alkaline  Fachingen  is  taken  (8). 

Excess  of  00a  ^  ^^^  urine  favours  the  precipitation  of  free  uric  acid 
in  the  urine,  but  renders  it  more  soluble  if  combined  with  an  alkali. 
Despite  these  many  other  factors,  the  reaction  of  the  urine  is,  after  all, 
the  main  point  in  uric  acid  solution  or  precipitation,  and  commands  our 
attention  in  a  special  degree,  because  in  the  mineral  waters  we  possess 
an  old-fashioned  but  finely  graded  means  of  controlling  the  individual 
"  acid  curve." 

In  another  disease,  too,  diabetes  mellitus,  the  acidity  of  the  urine 
concerns  us  in  reference  to  acidosis.  Certainly  the  reducing  of  the 
acidity,  or  the  establishing  of  an  alkaline  reaction,  is  not  in  this  case  our 
actual  object ;  but  it  gives  us  an  outward  sign  that  we  sure  providing  a 
sufficient  supply  of  alkali  to  a  system  overladen  with  acid,  and  aiding 
the  naturally  formed  ammonia  in  its  task  of  acid  neutralization  and  acid 
excretion.  Seeing,  however,  that  in  mild  cases  of  diabetes  from  20  to 
40  granunes  of  NaHOO,,  and  in  severe  cases  from  80  to  100  grammes,  sure 
required  to  render  the  urine  alkaline,  no  very  striking  results  can  be 
looked  for  from  the  alkaline  mineral  waters,  which  at  most  contain  from 
6  to  7  granunes  of  sodium  bicarbonate  per  Utre.  In  the  milder  and  more 
chronic  form  of  diabetic  acidosis  these  mineral  waters  are  of  some  value  in 
assisting  the  acid  excretion. 

In  the  rare  toxic  acidoses  of  certain  fevers  much  larger  doses  of  alkali 
are  required  to  alter  the  reaction  of  the  urine  than  are  necessary  in  health. 
In  three  cases  of  lobar  pneumonia  the  amount  varied  between  16  and 
25  grammes  NaHOO,.  Later  on,  during  convalescence,  3  grammes  (in 
six  ^-gramme  doses)  sufficed  to  make  alkaline  the  whole  of  the  urine 
passed  [von  Noorden]. 

Incidentally,  we  may  mention  a  case  of  chronic  nephritis,  in  which 
a  considerable  degree  of  albuminuria  became  very  much  less  or  dis- 
appeared altogether  so  long  as  the  urine  was  kept  alkaline  with  mineral 
waters  or  NaHOO,  (acetic-acid,  potassium-ferro-cyanide  test).  The 
course  of  the  disease  itself  was  quite  uninfluenced.    This  phenomenon 
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suggests  the  need  for  further  investigation.  In  the  few  other  cases 
where  we  have  seen  this  hitherto  undescribed  relation  of  albuminuria  to 
the  reaction  of  the  urine  all  the  patients  suffered  first  from  uric  acid  renal 
calculus,  and  then  developed  a  secondary  nephritis  (granular  kidney). 


C— NITROGENOUS  SUBSTANCES. 

The  effect  of  various  waters  on  the  total  nitrogen  output  is  considered 


in  the  section  Protein  Metabolism 
with  ammonia  and  purin  bodies. 


(p.  901).    Here  we  shall  only  deal 


1.  Ammonia. 

The  excretion  of  ammonia  is  not  influenced  by  the  non-alkaline 
mineral  waters.  It  is  slightly  diminished  after  the  alkaline  waters  upon 
a  constant  diet,  although  it  is  not  completely  suppressed  by  excessive 
doses  of  fixed  alkali.  The  results  of  Burchard's  personal  experiments 
on  a  constant  diet  are  included  in  the  following  table  : 


Mineral  Waters  and  Alkali. 


None  (fore  period)        

930  CO.  Boda  water  oontaining  6*8  granunes 

Bodiam  bicarbonate  daily 
930  CO.  Boda  water  containing  5*8  grammes 

Bodium  bicarbonate  daily 
930  cc  Boda  water  ploB  18  grammoB  Bodium 

bicarbonate  and  8  mmmes  citric  acid 
930  cc  Boda  water  plus  27  grammes  sodium 

bicarbonate  and  12  granmies  citric  acid 
930  cc.  soda  water  plus  18  grammcB  sodium 

bicarbonate  and  8  grammes  citric  acid 
930  cc  soda  water 


Average  Values  of-- 

Nitrogen. 

NH,. 

UricAold. 

Qm. 
16-67 
16-86 

Gm. 
0-77 
0-67 

Gm. 
0-686 
0-638 

16-04 

0-62 

0-678 

13-82 

0-26 

0-538 

16-56 

0-26 

0-517 

17-29 

0-23 

0-546 

15-94 

0-81 

0-603 

Tabls  showino  NH,  Exobxtiok  in  Cbbtain  Disxasbs  when  Mikxbal  Watbbs 

WEBM  TAXXN  (TON  NoOBDSir  AND  DaTPSB). 


Fore  Period. 


Disease. 


Obesity  (oxaluria) 

Nephrolithiasis,  1 

2 

Diabetes  (mild)    .. 

M      (severe),  1 

„      (seyeie),  2 


Om. 
12-8 
11-9 
14-8 
16-2 
11-3 
17-8 


Gm. 
0-48 
0-49 
0-62 
0-98 
2-81 
2-90 


Alkali 
Period. 


Gm. 
12-6 
11-1 
15-3 
16-8 
13-2 
18-1 


Gm. 
0-39 
0-45 
0-46 
0-71 
2-90 
2-85 


In  Alkali  Period, 
700  ex.  ol-" 


Marienbad  Rudolf 
Fachingen 
Fachinften 
Vichy  Gr.  Grille 
Vids  Madeleine 
Vals  Madeleine 


Per  Litre  of 
Mineral  Water. 


Gm. 
0-1 
3-6 
3-6 
5-2 
7-5 
7-5 


Om. 
1-8 
1-2 
1-2 
0-7 
1-2 
1-2 
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In  each  case  a  oonstant  diet  was  begun  a  few  days  before  the  research, 
and  its  accurate  administration  was  confirmed  by  the  constancy  of  the 
nitrogen  output. 

In  the  first  four  cases,  which  were  not  associated  with  acidosis,  there 
was  a  marked,  although  unequal,  decrease  of  NH,  output.  In  all  diseases 
where  there  is  no  acidosis  this  result  may  be  readily  obtained,  but  we 
must  be  prepared  to  find  wide  variations  in  individual  cases.  From  a 
practical  point  of  view,  however,  there  is  no  object  in  reducing  the  NH, 
in  non-aoidosia  cases.  Where  it  really  is  desirable,  as  in  severe  diabetes^ 
the  few  grammes  of  alkaU  which  our  mineral  waters  contain  are  quite 
ineffectual. 

2.  Parln  Bodies. 

Our  knowledge  of  this  subject  is  limited  almost  entirely  to  uric  acid. 
The  estimation  of  purin  bases  under  the  influence  of  mineral  waters  has 
only  been  carried  out  incompletely  and  in  isolated  instances. 

Long  ago  it  was  shown  that  with  a  constant  diet — a  sine  qua  turn  in 
all  research  upon  uric  acid  problems,  whose  importance  has  only  recently 
been  recognised — the  effect  of  free  water-drinking  in  increasing  uric  acid 
is  either  nothing  or  very  slight  and  transient  [Schondorff  (3)]. 

Of  mineral  waters,  special  interest  attaches  to  the  alkaline  springs, 
because  from  the  earliest  times  they  have  been  recommended  with  the 
idea,  on  the  one  hand,  of  rendering  uric  acid  soluble  in  the  urine,  or  at 
least  retarding  its  precipitation,  and,  on  the  other  hand,  of  abstracting 
uric  acid  from  the  system.  It  is  an  undoubted  fact  that  alkaline  waters 
can  increase  the  power  of  the  urine  to  dissolve  uric  acid  after  it  has  been 
excreted.  Apart,  however,  from  concretions  in  the  urinary  tract,  the 
physician  is  chiefly  concerned  with  controlling  the  uric  acid  output  in 
true  uric  acid  gout,  a  province  in  which  hopes  have  been  raised  that 
mineral  waters  might  prove  useful. 

In  nephritis  and  leuchiemia  an  accumulation  of  uric  acid  in  the  blood 
occurs,  but  this  is  regarded  as  a  concomitant  symptom,  and  has  never 
been  the  special  object  of  treatment. 

Uric  acid  as  a  "  cult "  can  be  read  of  elsewhere  than  in  a  scientific 
treatise  such  as  this  work  [Haig  (22)].  As  we  have  elsewhere  mentioned, 
the  extreme  superficiality  of  the  earlier  literature  of  hydrotherapy  is  made 
manifest  by  the  fact  that  either  an  increase  or  a  decrease  of  uric  acid 
excretion  has  been  quite  indifferently  advertised  as  the  priceless  boon 
conferred  by  some  particular  water,  although  there  was  not  the  remotest 
chance  of  judging  which  was  the  more  desirable  (24). 

To-day,  since  we  know  that  some  50  per  cent,  of  the  mother-substances 
of  the  purins  will  reappear  in  the  urine  as  uric  acid  and  purin  bases,  and 
that  in  gout,  with  or  without  uratic  deposits,  this  normal  average  is,  as 
a  rule,  not  quite  attained,  we  must,  in  spite  of  our  ignorance  of  the 
pathology  of  gout,  regard  increased  uric  acid  excretion  as  a  good  sign, 
provided  it  is  not  due  to  increased  uric  acid  formation — a  process  which 
may  be  set  up  by  an  increased  intake  of  purin  bodies,  perhaps  by  alcohol 
or  even  certain  drugs ;  but  inorganic  substances,  so  far  as  we  can  ascertain, 
produce  no  such  result. 
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(a)  Alkaline  Waters. 

In  healthy  subjects  alkalis,  even  in  large  quantities,  produce  either 
no  change  or  frequently  a  slight  decrease  in  uric  acid  excretion.  Barely 
a  slight  increase  may  occur. 

The  following  table  gives  a  summary  of  recorded  results  obtained 
with  a  constant  diet  extending  over  long  periods  : 


ObMTver, 


Hemnann  (26) 

Laqner  (25) . . 

Schieiber  (16) 
Strauss  (5)  . . 
Salkoiroki  (25) 

Kemptner  (25) 

Hageiitonk(25) 
Buxohanl  (21) 

Von  Noorden 


Goroky  (25) . . 
Herxheimer  (5) 


UrieAcid 
Output. 


On. 

r  0-762 

\  0-666 

i  0-678 

0-905 

0-687 

0-838 

0-719 

0-822 

0-606 

0-606 

0-606 

0-606 

10-606 

/  0-560 

\  0-560 

0-686 

r  0-505 

1  0-482 


0-712-0-827 
0-917 


Urie  Add 
Output  after 


Om. 
0-718 
0-724 
0-630 
0-969 

0-759 
0-757 
0-808 
0-692 
0-605 
0-684 
0-586 
0-435 
0-521 
0-605 
0-520 
0-517-0-678 

0-488 

0-456 

0-97-1-06 
0-800 


Nature  and  Amount  of  Alkali 
Administered. 


5-12  grammes  Seignette  salts. 

10  grammes  sodium. 

10  grammes  sodium  lactate. 

1   £>ttle  of  Fachiiigeii+ 15-30  grammes 

sodium  bicarbonate. 
3*2-6-4  grammes  sodium  bicarbonate. 
3-26  grammes  calcium  earbonate. 
3-30  grammes  calcium  carbonate. 
145  grammes  sodium  acetate  in  nine  days. 
3*24  grammes  sodium  carbonate. 
8-24  grammes  sodium  carbonate. 
12-24  grammes  sodium  carbonate. 
21-24  nammes  sodium  carbonate. 
12-24-33-24  grammes  sodium  carbonate. 
3-24  grammes  sodium  carbonate. 
16-2^47*24  grammes  sodium  carbonate. 
6-24  grammes  sodium  carbonate  (c/.  Table, 

p.  948). 
7-5  grammes  sodium  bicarbonate;  purin- 

free  diet. 
10  grammes  sodium  bioarbonate ;  purin- 

free  diet. 
0*12-0-48  grammes  lithium  carbonate. 
15-21  grammes  calcium  carbonate. 


Why  the  .results  vary  so  much  seems  inexplicable.  The  same  occurs 
with  the  mineral  waters,  of  which  we  give  a  table,  which  does  not  pretend 
to  be  complete,  on  p.  961,  arranged  as  follows  : 

First,  no  definite  results.  '^ 

Second,  decrease. 

Third,  increase  of  uric  acid. 

There  was  never  a  marked  increase  of  uric  acid  in  any  of  the  experi- 
ments. This  condition  might  be  expected,  for  in  health  no  appreciable 
amount  of  uric  acid  is  retained  in  the  body.  On  the  other  hand,  the 
diminution  is  in  no  case  so  pronounced  as  with  the  actual  alkali ;  but,  of 
course,  the  amounts  taken  in  the  mineral  waters  are  much  less. 

Although  for  two  centuries  and  more  gout  has  been  treated  with 
alkalis,  the  experiments  which  have  been  made  on  their  eff^t  upon  uric 
acid  excretion  are  all  too  scanty  if  the  older  researches  carried  out  by 
Heintz's  very  inadequate  method  are  deducted.    The  details  given  are 
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UneAcid 

Alkali  per  Litre. 

Uric  Add. 

wUh 

Naiure  and  Amount  of 
Mineral  Water. 

Obaerver, 

OvipiU, 

Mineral 

Btoferbonatc 

Water. 

Alkaline 
Bloarbonata. 

of  the 
Alkaline 
Earths. 

Qm. 

Qm. 

Gm. 

Om. 

Qtlardoni  (26) 

/  0-473 
10-473 

0-482 
0-477 

2.000  CO.  S.  Pcaegrino 
2.000     CO.     alkaline 
water 

0-04 
5-00 

0-37 

Ludwig(27)  .. 

1160 

1-210 

1,600    cc    Garbbad 
Muhlbrunnen 

1-28 

0-48 

r  0-800 

0-780 

1.600    CO.    Garlabad 

1-28 

0-48 

Von  Noorden 

\ 

Muhlbrunnen 

i  0-620 

0-690 

1.600    cc    Carlsbad 
Muhlbrunnen 

1-28 

0-48 

Brandenberg 

0-236 

0-240 

1.000    cc     artificial 

1-28 

0-48 

(28) 

GarUbad   MiihL 
brunnen 

Klemperer  (S) 

r  0-780 
\  1-250 

0-720 
0-780 

Fachingen 

3-60 
3-60 

1-20 
1-20 

(0-748 

0-689 

400    o.c    Tarasper 

4-93 

2-30 

Leys  (30) 

] 

Luciuaquelle 

[  0-673 

0-636 

800-1.000  0.0.  Taraa- 

4-93 

2-30 

r  0-612 

0-438 

per  Luciuaquelle 
500-1.500    cc    EniB 

1-98 

0-40 

Uqii6r(31)    .. 

-^ 

Krahnohen 

i  0-940 

0-656 

500-1.000    cc    Ems 
Krahnohen 

1-98 

0-40 

'  0-975 

0-785 

300-800     cc.     Sak- 

2-20 

0-90 

Determejar 
ftod  BGtt- 

0-875 

0-702 

nen 
500-1.000  cc    Salz- 

2-20 

0-90 

brunnen  Oberbnm- 

iiflr(32) 

nen 

1-117 

0-921 

1 .000  cc  Salzbrunnen 
Oberbrunnen 

2-20 

0-90 

,  0-940 

0-903 

400-1.000    CO.    Salz- 
brunnen  Oberbrun- 
nen 

2-20 

0-90 

Gilardoni  (26) 

0-515 

0-588 

2.000  cc  S.  Pelegrino 
1,300  CO.    Offenbach 

004 

0-37 

r  0-844 

0-867 

2-40 

— 

Schratberaad 

J 

Friedrichaquelle 

Zaudy  (16) 

1  0-844 

0903 

1,000  cc  Fachingen 

3-60 

1-20 

I  0-764 

0-826 

1,300  cc  Offenbach 

2-40 

— 

Von  Noorden 

0-500 

0-521 

1.000  cc  Marienbad 
Kreozbrunnen 

210 

1-30 

Brandenberg 

0-3C3 

0-394 

1.000    CO.     artificial 

1-28 

0-48 

(28) 

GarUbad   Muhl- 
brunnen 

often  insuffioient — ^here  a  slight  increase,  there  a  slight  decrease,  as  a  result 
of  the  alkaline  treatment  in  gout.  Haig's  (23)  experiments  are  much 
too  short  to  prove  anything.  Magnus-Levy  (38)  was  unable  to  detect  any 
change  after  the  administration  of  the  very  alkaline  Vichy  water.  His 
and  Pfeiffer  (41)  have  made  numerous  estimations,  but  all  without 
definite  results.  However,  their  table  is  worth  quoting,  together  with 
a  single  case  of  Laquer's,  on  a  constant  purin-free  diet,  and  five  cases 
of  our  own,  suffering  from  typical  gout,  but  observed  between  the  attacks. 
Four  of  our  patients  were  on  a  purin-free  diet ;  the  fifth  was  given  in 
addition  400  grammes  uncooked  beef.  Each  figure  represents  the 
average  of  three  to  six  days. 
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Uric  Acid  OutjnU, 

Ob9€rver, 

Mineral  WaUr  or  Drug. 

Von 

Alkali 

After 

Period. 

Period. 

Period. 

Om. 

Gm. 

Gm. 

0-49 

0-43 

— 

— 

0-46 

0-42 

0-67 

0-55 



12-0  grammeB  Bodinm  bioarbonaie. 

— 

0-41 

0-46 

0-46 

0-40 

0-58 

0-68 



0-63 

0-59 

0-62 

•FMhingen  water  700  c.o. 

— 

101 

0-90 

His  (39)     .. 

— 

0-26 

0-68 

0-46 

0-41 



0-46 

0-43 



0-5  gramme  lithium  carbonate. 

0-65 

0-60 

— 

0-27 

0-23 



0-58 

0-29 
0-58 

0-46 
0-62 

|700  c.c.  SabBBchliH  Bonifacioa. 

0-46 

0-41 

0-68          1-6  grammeB  lyMin, 

\ 

0-43 

0-66 

—      1    3  teaspoonfols  urieedin. 

' 

0-73 

0-79 

'~~      1 

1    0-72 

0-78 

0-57 

0-59 



Pfeiffer  (40) 

;    0-47 

0-69 

1 

500-1,000  c.c.  Fachingen  water. 

0-95 

1-09 

— 

0-36 

0-77 



0-69 

0-93 



Laquer 

0-248 

0-207 

0-340    1    700  o.c.  Faohingen  water+ 15  grammeB 
1        Bodiam  bioartx>nato. 

r 

0-309. 

0-366 

1,000  c.c.  Marienbad  Kreozbrunnen. 

Von  Noorden 
and  Dapper 

0-388 
0-681 
0-468 
0-601 

0-329 
0-578 
0-444 

0-588 

—           1.000  C.C.  Faohingen. 

"^2      i  }  1.000  c.c.  Vichy  Orande  Grille. 

1 

There  is  no  uniformity  about  these  results ;  they  vary  just  as  much 
in  the  healthy  as  in  the  diseased  subjects,  without  any  apparent  reason. 
It  seems  as  though  the  effects  of  alkalis  upon  uric  acid  excretion  in  gout 
were,  if  we  may  judge  from  a  few  experiments  made  with  incompletely 
controlled  diet,  but  small.  It  will  certainly  be  a  great  advance  when 
such  experiments  are  conducted  on  a  broader  basis,  with  strict  attention 
to  the  possible  influences  of  nutrition  upon  uric  acid  excretion. 

In  nephrolithiasis  alkalis  often  seem  to  increase  the  uric  acid  output 
considerably.  It  appears  from  this  as  if  the  uric  acid  precipitated  in 
the  urinary  tract  can  really  be  dissolved  by,  and  excreted  in,  the  "  alka* 
lized  "  urine. 

Determeyer  and  Biittner  (32)  record  one  such  case  : 

Uric  acid  before==  0*612  gramme;  with  700  grammes  Salzbrunnen 
OberbrunnenaO'611  gramme — ^a  marked  increase. 

The  following  table  [von  Noorden]  refers  to  undoubted  cases  of  nephro- 
lithiasis upon  a  purin-free  diet.  The  increase  can  scarcely  be  r^arded 
as  due  to  any  real  alteration  in  metabolism,  or  to  some  outpouring  of 
uric  acid  from  the  blood,  for  we  have  no  reason  for  thinking  that  in 
nephrolithiasis  there  is  a  retention  of  uric  acid  in  the  blood  and  tissues. 
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This  complication,  when  it  occurs  in  gout,  has  probably  quite  a  different 
pathogenesis. 

Some  of  the  variations  are  greatly  in  excess  of  the  table  of  normal 
differences  (p.  961). 


Ccue, 


1 
2 
3 
4 
6 
6 


Fore  Period 
(4  D(^*). 


Om. 
0*562 
0-600 
0-481 
0-500 
0-498 
0-568 


Firei  Week 

of  Mineral 
Water 

Mineral  Water. 

Period. 

Gm. 

0-581 

1  litre  Faohingen 

0-666 

1     „    Driburg  Caspar  Heiiirioh 

0-553 

1     M    Faohingen 

0-511 

1     »t            ff 

0-480 

I     t*            •» 

0-539 

1     „    Vichy  Grande  Grille 

Practical  experience  seems  to  justify  the  idea  that  uric  acid  concre- 
tions can  be  diminished  or  dissolved  by  alkaline  mineral  waters.  During 
such  treatment  large  deposits  often  disappear  from  the  feet,  really  owing 
to  disintegration,  or  decrease  in  size  of  the  concretion.  On  the  other 
hand,  Uiis  does  not  always  happen,  and  the  treatment  may  prove  quite 
ineffectual.  Nor  does  increased  uric  acid  output  invariably  result. 
However,  our  knowledge  is  at  present  so  scanty  that  the  question  must 
be  left  unsettled. 


(6)  Saline  Waters. 

Whether  mineral  waters,  whose  chief  constituent  is  sodium  chloride, 
affect  uric  acid  excretion  in  any  way  is  a  question  which  has  not  hitherto 
been  the  subject  of  investigations,  although  for  more  than  a  century 
certain  of  these  springs,  such  as  the  Elizabeth  spring  at  Homburg,  have 
had  a  great  name  among  physicians  for  the  treatment  of  gout.  We  have 
recently  made  some  observations,  embodied  with  a  few  others  in  the 
table  on  p.  954.  (The  diet  was  carefully  regulated,  and  averages  of 
several  days  are  given.) 

Although  the  number  of  observations  is  not  great,  and  although  they 
are  open  to  criticism  in  several  directions,  yet  in  all  we  see  a  constant 
difference  from  the  previous  tables  on  alkaUs.  With  a  few  exceptions 
the  uric  acid  is  increased,  sometimes  considerably,  especially  in  gouty 
patients.  The  case  in  which  the  increase  was  greatest  is  not  included 
in  the  above  table.  The  patient,  a  man  aged  fifty,  was  for  months  never 
quite  free  from  gouty  symptoms  ;  small  swellings  came  and  went  without 
rise  of  temperature.  The  diet  was  always  purin  free,  and  included  daily 
150  grammes  beef  (weighed  raw). 

The  difference  between  the  second  period  and  the  combined  average 
of  the  four  after  periods  (0*53  gramme)  amounted  to  0*15  gramme  daily, 
or  a  total  of  1-65  grammes  uric  acid  in  the  eleven  days.  As  to  the  process 
by  which  the  saline  waters  produce  this  effect  we  have  no  suggestion  to 
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offer.    Preotioal  observataonB  alone  can  give  us  any  information ;  these 
results  appear  so  contradictory. 


Uric  Acid  OtUfmi. 

Observer. 

Mineral  WaUr. 

Disease  and 
Eemarks. 

Pora 

"Cuiw" 

Aftor 

Period. 

Fwiod. 

Fwlod. 

Gm. 

Om. 

Om. 

Kissingen  Bakoczy 

0-470 

0-52 

— 

Chronic     alcoholism 

Dapper  and 

tt             tt 

1-400 

1-64 

1-40 

and  gastritis. 
Healthy,  but  penis- 

den  (31) 

(Uterl-2> 

tent  excess  of  uric 
acid. 

KiBsingen  Bitter 

1000 

1-20 

•"" 

Obesity;   attack  of 
gout    two    yean 
later. 

Leber  (32)      [ 

Homburg  Elizabeth 

MIO 
0-940 

1-29 
0-94 

1-03 

Healthy. 
Healthy. 

•t             •• 

0-403 

0-44 

— 

Chronic    nephritis 
with  very  constant 

VonNoorden- 

nitrogen  excretion 
(12-1.13-86);  pnrin- 
free  diet. 

* 

»•                            M 

0-630 

0-49 

Same   case    a   year 
later :     porin-free 
diet+ 160  grammes 
meat  (weidit  raw). 

Bain  ft  Edge./ 
combe  (29)  L 

Kissingen  Rakoczy 

0-460 

0-44 

0-64 

Healthy. 

MUd  MontpeUier 

0-680 

0-60 

— 

Healthy    (Naa   6-2 

grammes  per  litre). 

VonNoorden  r 
ft  Dapper  \ 

Homburg  Elizabeth 

0-300 

0-37 

0-31     , 

Gout. 

•» 

0-570 

0-76 

0-70     1 

Gout. 

The  results  in  uric  acid  nephrolithiasis  are  quite  different  from  those 
in  gout.  In  the  former,  the  saline  waters  only  once  produced  a  very 
slight  increase  in  uric  acid  excretion,  while  in  the  remainder  of  the  cases 
there  was  a  slight  decrease — the  opposite  effect  to  that  of  the  alkaline 
waters. 


Period, 

Nature  and  Amount  of  Mineral 
Water. 

Urie  Aeid, 

Duraiion  in  Days 
{Average). 

Pint 
Second    . . 

Third 

800  0.0.  Fachingen  daily 
Ditto  +  800  c.c.  Homburg 

EUzabeth 
800  c.c.  Fachingen  only 

Om. 
0-51 
0-68 

0-56 

6 
11 

6 

D.— NON-NITROGENOnS  SUBSTANCES. 

{Cf.  also  Effect  of  Alkalis  on  the  Acids  of  the  Acetone  Group  in  the 
chapter  on  Diabetes,  p.  686.) 
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h  Glyoosaria. 

Theoretioal  oonsiderations  of  the  catalytic  effects  of  alkalis  in  solu- 
tion upon  the  process  of  oxidation,  combined  with  the  actual  practical 
benefits  from  spa  treatment,  constantly  incline  us  to  attribute  to  the 
alkalis  and  alkaJine  waters  some  importance  in  the  treatment  of  diabetic 
glycosuria.  Kulz  (33),  however,  after  surveying  all  the  older  literature, 
came  to  the  conclusion  that  Carlsbad  waters  did  not  check  glycosuria. 
Although  in  individual  cases,  while  drinking  Carlsbad,  Neuenahr,  and 
Vichy  waters,  a  lessened  excretion  of  sugar  has  been  recorded  which  can 
hardly  be  reckoned  as  anything  but  a  result  of  the  mineral  waters  (34), 
the  observers,  whose  experiments  are  conducted  with  attention  to  external 
circumstances  and  constant  diet,  obtained  negative  results  only. 

The  later  authorities,  who  took  into  consideration  all  the  aUied  con- 
ditions, including  not  only  carbohydrates,  but  also  proteins,  in  their  food 
analysis,  are  also  similarly  agreed  [Hirschfeld,  von  Mering,  Naunyn,  von 
Noorden  (35)].  The  sugar  excretion,  with  other  factors  controlled, 
behaved  precisely  the  same  with  or  without  the  mineral  waters. 

So,  too,  with  large  doses  of  alkali  (ordinary  NaHCO,  10  to  40  grammes 
and  more  daily).  This  might  be  expected  from  the  numerous  researches 
as  to  the  effect  of  alkalis  in  diabetic  acidosis  (36). 

Von  Noorden,  in  his  clinic,  found  a  very  slight  and  short-lived  (one 
to  two  days)  decrease  in  glycosuria  after  taking  very  large  doses  of  soda, 
never  a  large  amount  or  permanent  effect. 

But  no  one  who  is  capable  of  being  persuaded  by  facts  doubts  the 
good  effect  of  the  "  cures  "  at  Carlsbad,  Marienbad,  Neuenahr,  Tarasp, 
or  Vichy,  etc.  At  these  resorts  many  factors  contribute  with  which  at 
present  we  cannot  deal.  The  discussion  belongs  more  properly  to  text- 
books of  clinical  medicine  (35)  than  to  a  chapter  limited  to  the  effects 
of  mineral  waters  on  metabolism. 

We  wish  to  state  clearly  that  we  cannot  swallow  the  notion  of  some 
mysterious  proi>erty  which  is  only  found  in  the  water  at  the  springs,  and 
somehow  escapes  from  the  same  water  if  it  is  bottled  and  exported. 


2.  Oxalic  Add  Excretion. 

Without  entering  upon  a  discussion  on  oxaluria,  a  few  researches  on 
the  effects  of  mineral  waters  or  their  constituents  upon  the  output  of 
this  acid  is  worth  a  brief  mention.  The  excretion  of  oxalates  was  slightly 
increased  by  an  intake  of  2  grammes  MgSO|  (from  00124  to  00176 
gramme  per  diem)  [Klemperer  (12)].  Kisch  (37)  obtained  the  following 
figures  with  Marienbad  Ejreuzbrunnen  : 

Tabli  (IfnxioRAioas  of  Oxauo  Acn>  fib  Lttbi  or  Ubinb). 

Before.  After. 

6-8  1-6 

11-7  6-4 

11-3  8-9 

6-3  9-7 
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Having  at  length  arrived  at  the  end  of  this  chapter,  one  can  only 
look  back  with  regret  at  the  superficiaUty  and  meagreness  of  our  know- 
ledge of  mineral  waters  and  their  bearing  on  metabolism. 

Only  a  few  points  have  been  really  worked  out.  In  every  direction 
we  are  faced  by  the  hiatus  valde  deflendua.  On  the  other  hand,  it  must 
be  remembered  that  much  good  work  has  been  done,  although  it  has 
been  directed  to  the  indications  for  practical  therapeutics  rather  than 
towards  the  broadening  of  our  knowledge  of  the  complex  processes  of 
human  metabolism. 
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CHAPTER  IX 
THE    INFLUENCE    OF  BATHS   ON   METABOLISM 

Bt  max  MATTHES,  CX)IiOGNE. 
Translated  bt  J.  A  Nixon,  B.A.,  M.B.,  M.RG.P. 

Thb  action  of  baths  upon  the  processes  of  metabolism  is  a  complex 
question.  Every  sort  of  bathing  causes  an  immediate  stimulation  which 
is  more  or  less  appreciable  or  intense,  according  as  the  surrounding 
medium  differs  from  that  to  which  we  are  accustomed.  This  appreci- 
able stimulus  depends  on  factors  which  sometimes  act  in  concord,  some- 
times oppose  one  another,  such  as  the  temperature  of  the  bath  and  the 
mechanical  or  chemical  action  of  the  water.  The  two  latter  factors  are 
slight  except  when  they  are  increased  by  the  artificial  methods  of  rubbing, 
slapping,  or  adding  stimulating  substances  to  the  baths  like  mustard 
and  certain  gases.  Apart  from  the  appreciable  stimulus,  baths  of  various 
temperatures  act  directly  upon  the  heat  balance  by  withdrawal  of  heat, 
by  non-conduction,  or  by  addition  of  heat.  Finally,  muscular  activity 
plays  a  most  important  part. 

These  details  can,  to  some  extent,  be  found  elsewhere  in  this  book 
(c/.  Magnus-Levy,  vol.  i.,  p.  244),  but  their  practical  importance  entitles 
them  to  be  collected  into  a  chapter  by  themselves. 

Baths  may  be  divided  according  to  their  temperature  into  tepid  or 
**  indifferent,"  and  those  whose  temperature  lies  above  or  below  the  point 
of  indifference,  hot  and  cold  baths. 

The  "indifferent"  temperature  varies  with  the  individual;  Wick  (1) 
places  it  at  34-8°  to  SB^"*  C,  Kisch  (2)  at  35°  to  37°  C,  Leichtenstem and 
Riess  (4)  only  at  34°  C.  According  to  the  latest  observer,  Oehler  (6),  the 
average  skin  temperature  in  a  room  at  20°  to  25°  C.  is  34-1°  C. 


I.— COLD  BATHS. 

Warm-blooded  animals  preserve  their  intrinsic  heat  against  changes 
in  the  surrounding  temperature  by  physical  regulation,  causing  increased 
or  diminished  heat  loss,  and  by  a  change  in  metabolism  which  can  increase 
the  heat  production  or  chemical  regulation. 

Physical  regulation  is  under  the  control  of  processes  in  the  skin, 
where,  upon  exposure  to  cold,  all  contractile  elements  contract  and  become 
bloodless,  so  lessening  the  loss  of  heat  by  radiation,  conduction,  and 
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water  evaporation.  Whenever  there  is  a  reasonable  prospeot  of  adjusting 
the  temperature  of  the  skin  to  that  of  the  surrounding  medium,  this 
seems  to  be  the  mechanism  employed,  but  its  action  is  not  lastii^; ;  in 
fact,  so  soon  as  a  long-continued  and  severe  cold  exposure  is  brought 
to  an  end,  the  anaBmia  of  the  skin  gives  place  to  a  hypersomia,  and  warmth 
is  restored. 

The  primary  hypersemia  due  to  long-continued  application  of  cold 
is  scarcely  ever  seen  in  actual  practice,  though  we  do  see  an  example  of 
it  when  the  ice-bag  is  applied  for  long ;  on  the  other  hand,  the  secondary 
hypersBmia  which  follows  the  withdrawal  of  the  cold  is  well  known,  and 
sometimes  artificially  obtained  in  practice,  being  termed  in  hydrotherapy 
the  "  reaction." 

Its  appearance  means  increased  heat  loss,  and  marks  the  end  of 
the  control  by  physical  regulation.  By  prematurely  breaking  off  the 
physical  regulation  in  this  manner,  the  stimulus  due  to  the  temperature 
may  be  artificially  enhanced ;  the  skin  reddens  prematurely  if  friction 
is  employed  in  the  bath,  or  stimulating  chemical  substances,  or  CO,,  or 
other  gases  are  introduced  into  the  water. 

In  cold  baths  the  stimulus  due  to  a  short  exposure  to  cold  is  probably 
of  but  small  importance  compared  with  the  effect  of  the  ''reaction," 
and  perhaps  one  reason  why  experiments  have  not  yielded  more  notable 
results  was  that  the  effect  of  the  reaction  was  not  considered. 

Moreover,  men  respond  to  changes  of  temperature  veiy  differently 
from  animals,  for  we  can  aid  physical  and  chemical  regulation  by  the 
artificial  protection  of  clothing,  which  we  are  wont  to  adjust  in  such  a 
fashion  that  the  heat  loss  corresponds  to  that  which  in  a  naked  state 
would  take  place  at  a  temperature  of  33^  C. 

The  extent  to  which  man  is  able  physically  to  regulate  against  cold, 
when  and  to  what  degree  chemical  regulation  and  changes  in  meta- 
bolism occur,  are  vexed  questions  upon  which  the  most  diverse  opinions 
have  been  expressed.  Passing  over  the  old  controversies  between 
liebermeiBter,  Senator,  Jiirgensen  and  Wintemitz,  even  in  recent  times 
the  secondary  muscular  activity  due  to  shivering  has  been  the  subject 
of  keen  dispute. 

Speck  (10),  Loewy,  and  later  Johansson,  found  by  the  investigation  of 
respiration  only,  and  with  methods  dealing  with  short  periods,  that 
chemical  regulation  is  always  accompanied  or  called  forth  by  muscular 
activity.  If  by  a  great  effort  of  will  the  subjects  of  their  experiments 
were  able  to  avoid  shivering  and  any  other  movement,  then  physical 
regulation  alone  was  manifested. 

Loewy  says,  for  instance  :  ''  The  real  mechanism  of  heat  regulation 
in  man  consists  in  an  immediate  contraction  of  the  skin  and  its  vessels 
at  the  first  onset  of  cold,  which  produces  a  diminished  degree  of  heat  loss 
capable  of  fully  compensating  lack  of  surrounding  warmth  to  a  slight 
extent  only.  Beyond  this  point  changes  of  heat  production,  a  much  more 
deeply-seated  process,  may  be  called  upon  to  co-operate ;  this  depends 
on  tonic  or  clonic  contractions  of  muscle — i.e.,  tension  or  shivering  which 
are  caused  unwittingly  or  in  spite  of  the  will  by  cold  and  other  stimuli." 

Riethus    (11)    measured    with   the  Zuntz-Geppert   apparatus    the 
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respiratoiy  exchange  after  long  periods  in  baths,  which  were  cooled 
down  from  36^  to  27-5^  C.  in  ten  minutes,  and  he  found  that  in  healthy 
men  at  rest  after  half  an  hour  in  such  baths  the  respiratory  gas  exchange 
was  maintained  at  a  normal  average,  and  the  respiratory  quotient  was 
unaltered. 

Rubner  and  Babak  (12),  obtaining  continuous  records  by  their  own 
apparatus,  are,  however,  convinced  that  in  man,  as  well  as  in  animals, 
a  chemical  regulation  independent  of  shivering  or  other  movement  must 
be  admitted. 

Clinically,  this  difference  of  opinion  is  of  no  moment ;  the  enforced 
and  unnatural  absence  of  movement  is  not  met  with  in  practice. 

Rubner  and  Babak  suggest  that  an  intelligent  man,  by  a  supreme 
effort  of  will,  is  capable  of  repressing,  for  a  time  at  least,  every  visible 
contraction  causing  muscle  waste  ("  thermic  muscle  reflex ") ;  the 
muscle  rest  so  obtained  is  compared  to  the  effects  of  curare  or  division  of 
the  spinal  cord. 

In  practice  it  happens,  too,  in  accordance  with  this  view,  that, 
under  natural  conditions  not  involving  complete  bodily  rest,  man  does 
actually  increase  the  heat  production  by  exposure  to  cold,  a  phenomenon 
to  which  many  factors  contribute. 

First,  there  is  the  amount  of  heat  loss,  and,  second^  the  chemical 
regulation  according  to  the  size  of  the  body  and  the  extent  of  surface 
exposed.  Rubner  has  even  considered  the  heat  loss  as  a  function  of  the 
body  surface,  and  has  reckoned  out  a  candknU  per  square  metre  of  super- 
ficies which  is  applicable  to  every  increase  of  size  and  only  varies  for 
different  animals.  This  is  not,  however,  universally  accepted  (c/.  VoL  I., 
p.  244).  Chemical  regulation  depends,  as  Rubner  clearly  showed  in 
animals,  on  the  state  of  nutrition  and  the  type  of  diet,  as  well  as  on  size. 
In  animals  a  greater  physical  heat  loss  obtains  upon  diet  rich  in  protein 
than  during  starvation.  Rubner  explains  this  as  a  consequence  of  the 
**  minimal  heat  requirement,"  a  term  which  indicates  the  definite  amount 
of  heat  loss  which  under  all  conditions  of  the  body,  and  for  every  temper- 
ature, must  be  covered  by  heat  production.  For  instance,  in  a  well-fed 
animal,  the  margin  of  normal  heat  production  over  the  miminal  heat  re- 
quirement is  such  that,  within  certain  limits,  the  former  is  independent 
of  the  surrounding  temperature,  and  does  not  rise  and  fall  with  it  so 
long  as  the  minimal  heat  production  suffices  for  the  heat  loss  at  the 
particular  temperature. 

In  man,  apart  from  the  relation  of  physical  regulation  to  general 
nutrition,  the  control  of  the  minimal  heat  requirement  is,  within  the 
limits  of  comfort,  very  largely  a  matter  of  clothing.  Between  15°  to 
26°  C.  (Rubner)  the  regulation  is  exclusively  physicaL  When  the 
temperature  is  lower  than  15°  C.  an  irresistible  desire  for  movement 
and  muscular  contraction  proves  so  productive  a  source  of  heat  that, 
even  though  there  is  an  eventual  abatement  of  physical  regulation,  a 
considerable  increase  of  heat  loss  can  be  compensated ;  in  cold  baths 
this  increased  heat  production  always  occurs,  and  is  of  great  importance. 

liebermebter  (13)  stated  :  "  If  in  a  healthy  and  moderately  fat  man 
we  estimate  the  heat  loss  which  takes  place  in  fifteen  to  twenty-five 
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miniites,  we  find  that  In  a  bath  of  40^  G.  the  heat  loss  is  about  normal ; 
in  a  bath  of  30°  C.  it  is  almost  doubled ;  at  26°  C.  it  is  trebled ;  and  reaches 
five  times  the  normal  at  20°  C." 

liebermeiBter  used  the  bath  itself  as  a  calorimeter,  and  by  simultaneous 
determination  of  the  body  temperature  calculated  the  heat  production. 
By  this  method  the  figures  are  all  slightly  too  high,  and  his  "  indifference  *' 
temperature  was  taken  to  be  40°  G. — not  the  36°  C.  mentioned  previously ; 
still,  it  gives  a  good  enough  basis  to  work  from,  and  Rubner's  figures 
calculated  from  this  standpoint  are  set  forth  in  the  following  table  : 

EnvoT  ov  Bathiho  oh  Hbat  PBODUonoH  [Rubvbb]. 


WO. 

WO. 

i5«a 

KPC 

«6«»a 

Heftt  prodnotioa  in  o«loriM 

480 

370 

240 

160 

80-0 

Heat+ 18  oidories  for  heat  lois  in  respiration 
Heat-91  calorieB,  which  »  man  of  60  kUo. 

498 

388 

268 

168 

98-0 

grammes  normall  ▼  prodnoes 

407 

297 

167 

77 

70 

Absolute  degree  of  cooling  in  the  bath 
HetaboUsm  m  bath  reduced  to  grammes  of 

81 

67 

34 

12 

0-0 

fat .. 

43 

31 

18 

8 

0-7 

After-effect  of  bath  reduced  to  grammes  of 

fat .. 

9 

6 

4 

1 

OH) 

Total  effect  and  after-effect  in  grammes  of 

fat .. 

62 

37 

22 

9 

0-7 

Nom. — ^For  a  1>ath  lasting  half  or  a  quarter  of  an  hour  the  Talues  for  heat  production, 
etc..  must  be  halved.  The  '^oooling  "  figure  remains  the  same  if  the  time  is  not  shorter 
than  a  quarter  of  an  hour. 

liebermeister  summarizes  his  observations  thus  :  "  The  effect  of  cold 
water  on  the  body  surface  of  a  healthy  man  under  normal  conditions 
during  a  long-continued  application  does  not  lessen  the  body  temperature 
at  all ;  in  many  cases  it  even  raises  it."  So  that,  within  Ihnits,  the  heat 
loss  may  at  first  be  overcompensated. 

After  a  moderately  cold  bath  not  lasting  too  long  he  showed  that 
there  follows  a  period  in  which  the  body  temperature  is  somewhat  lower 
than  before  the  bath ;  this  was  called  by  the  older  observers  the 
"  primary  after-effect "  (15),  so  that  cooling  of  the  body  may  occur  as 
the  natural  result  of  the  "  hydriatic  reaction  " — i.e.,  of  the  failure  of 
physical  regulation  before  the  active  hyperemia  and  its  increase  of  heat 
loss  b^;in8.  Perhaps  the  heat  loss  may  be  somewhat  increased  by  the 
evaporation  of  the  water  retained  on,  or  in,  the  superficial  layers  of  the 
epidermis.  Apart  from  this  increased  heat  loss,  Liebermeister,  Speck 
and  Wintemitz  were  agreed  as  to  a  slight  decrease  in  heat  production 
and  a  diminution  of  the  muscle  metabolism  from  exhaustion.  Speck 
states  that  "  in  this  period,  when  the  fall  in  temperature  caused  by  the 
bath  reaches  its  limit,  the  muscular  contractions  become  feebler,  and  there 
is  a  slight  decrease  in  the  associated  oxidation  processes.  The  faQ  of 
temperature  (''  primary  after-effect ")  now  gives  place  to  a  fresh  process 
of  chemical  regulation  with  increased  heat  production  as  its  expression 
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("  after-affeot "  of  the  table  above) ;  here  possibly  a  slight  increase  of 
the  body  temperature  may  be  established  from  overcompensation 
(the  ''  remote  secondary  after-effect ").  The  duration  and  extent  of  this 
increased  and  lowered  body  temperature  varies  from  a  period  of  many 
hours  to  non-existence,  according,  perhaps,  to  the  different  conditions  of 
physical  regulation,  which  sometimes  fails  early,  sometimes  late,  or  to 
the  somewhat  inadequate  exercise  of  chemical  regulation. 

Extraordinary  differences  may  occur,  even  in  the  same  individual. 
Jurgensen  tells  of  a  man  in  good  health  who  showed  no  f aQ  of  tempera- 
ture in  or  after  a  bath  at  9^  C.  lasting  twenty-five  minutes,  but  four  days 
later  in  a  similar  bath  under  the  same  conditions  his  temperature  fell 
to  33-9**  C. 

These  older  researches  have  recently  been  corroborated  and  extended 
by  Ignatowski  (16)  and  Rubner ;  the  former  worked  with  an  improved 
water  calorimeter  and  with  an  anemocalorimeter,  and  found  his  results 
accorded  entirely  with  those  of  Liebermeister  and  Lefivre  (17).  The 
lower  the  temperature  of  the  bath  the  more  vigorously  heat  production 
and  loss  proceed ;  also,  during  the  first  minute  in  the  bath,  the  or- 
ganism gives  off  more  heat  than  in  the  next,  and,  finally,  in  cold  baths, 
after  a  certain  variable  period  of  heat  loss,  the  rate  becomes  constant. 
For  instance,  in  a  bath  of  17*1°  C,  lasting  2*6  minutes,  the  heat  production 
was  fourteen  times  the  normal :  the  subject  had  expended  64-63  calories, 
and  was  himself  0-03°  C.  warmer.  It  is  an  interesting  point  that  of 
these  65  calories,  43-76  were  given  off  in  the  first  minute,  and  the  remainder 
in  the  following  minute  and  a  half.  In  another  experiment,  lasting 
fifteen  minutes,  in  a  bath  of  26-75°  C,  the  heat  loss  in  the  first  five  minutes 
was  43  calories,  and  17  calories  in  the  second  and  third  five-minute  periods. 
This  agrees  with  the  quarter  of  an  hour  bath  of  Buhner's  table.  At  a 
temperature  of  25°  to  26*75°  C.  about  three  times  the  normal  heat  was 
produced ;  for  the  short  bath  of  2-5  minutes  Ignatowski's  figure  is  naturally 
much  higher. 

The  decreasing  and  finally  constant  rate  of  heat  loss  in  cold  baths 
may  be  explained  by  the  fact  that  the  physical  regulation  (heat  loss 
dependent  upon  cutaneous  blood-supply)  is  not  the  only  result  of  appre- 
ciable cold,  but  that  there  is  an  actual  interference  with  the  heat  balance 
before  the  contractile  elements  in  the  skin  can  contract  completely,  or 
physical  regulation  reach  its  maximum.  Still,  it  is  more  likely  that  the 
lessened  heat  loss  in  the  later  stages  of  the  bath  is  the  result  of  the  simple 
cooling  of  the  skin,  whose  temperature  tends  to  approach  that  of  the 
water,  so  the  heat  loss  becomes  purely  physical,  although  the  physical 
r^ulation  will  appear  to  be  under  some  vasomotor  nerve  control. 

At  any  rate  it  is  known  from  experiments  that  the  vessels  can  respond 
directly  to  cold.  From  their  work  upon  heat  localization  after  exposure  to 
heat  and  cold  with  subsequent  re-heating,  Lefdvre,  Hirsoh  and  Miiller  (18) 
find  a  marked  cooling  of  the  skin  results,  as  may  be  seen  from  a  couple 
of  experiments  of  the  two  latter  observers  upon  rabbits  in  temperatures  of 
17°  to  18*2°  C.  (the  baths  being  reduced  in  an  hour  from  37°  to  17°  C). 
In  warmer  baths — e.^.,  40°  C. — ^the  skin  temperature  was  much  higher 
than  that  of  the  liver,  muscles,  and  blood. 
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IgnatowBki  has  turned  his  attention  to  the  after-effect  also,  chiefly 
with  reference  to  cold  baths,  which  give  in  the  later  periods  more  con- 
stant and  more  pronounced  evidences  of  disturbance  of  the  heat  balance. 
He  found  that,  if  no  reaction  occurred,  the  heat  loss  by  radiation,  con- 
duction, and  evaporation  continued  to  decrease  even  after  the  bath, 
while  heat  production  was  lessened  too.  This  latter,  according  to 
Ignatowski,  is  directly  proportional  to  the  degree  of  cooling  reached, 
and  his  subjects  were  really  cooled  down  by  the  cold  baths.  If,  on  the 
contrary,  a  prompt  reaction  set  in,  the  diminished  loss  by  radiation  and 
conduction  could  scarcely  be  observed,  and  that  due  to  evaporation  rose 
above  normal. 

Rubner's  work  (19)  dealing  with  the  particular  effects  of  short  baths 
and  douches  under  conditions  of  real  life  is  of  more  value  than  this  of 
Ignatowski,  which,  after  all,  only  confirms  well-known  facts. 

The  following  figures  were  obtained  by  Buhner  with  the  Zuntz- 
Geppert  apparatus  upon  subjects  standing,  sitting,  or  lying ;  the  time 
varied  from  200  to  300  seconds.    The  effect  of  douches  was  very  marked  : 


Douche.                   Bath. 

Temperature  10"  C. 

Temponture  W  0. 

Increase  of  respired  air 

00b  output 

Ointake          

Respirators    quotient    (Tarying),    representing 

Percent 

54-6 

149-4 

1101 

0-87-1-02 

Percent 
22-9 
64-8 
46-8 

o-se-io 

A  second  case  gave  the  same  results. 

Buhner  is  convinced  that  with  short  applications  there  can  be  no 
question  of  an  actual  interference  with  the  heat  balance.  He  found, 
moreover,  in  his  first  subject,  who  was  accustomed  to  these  baths,  that 
during  an  hour's  rest  after  the  bath  there  was  no  noticeable  after-^ect ; 
his  second  case,  who  was  not  used  to  them,  showed  a  most  noticeable 
effect  on  oxygen  intake,  which  was  about  32  per  cent,  after  baths  between 
18^  and  28^  C.  Rubner  remarks  that  in  both  cases  there  may  really  have 
been  a  greater  after-effect  than  the  figures  show,  for  there  is  no  doubt 
that  baths  of  this  kind  affect  favourably  the  energy  and  fitness  for  work. 

From  these  experiments  it  will  appear  that  short  cold  baths,  in  which 
the  actual  heat  deprival  is  only  minimal,  cause  a  fairly  marked  increase 
in  chemical  metabolism,  just  like  the  longer  ones,  where  there  is  greater 
heat  deprival ;  this  is  due  directly  to  the  movements  which  the  bath 
sets  up.  The  heat  production  due  to  muscular  activity  exceeds  and 
obscures  the  katabolism  due  to  the  cooling,  or  in  practice  renders  it  quite 
negligible  except  under  very  unnatural  conditions.  It  is  impossible 
to  determine  the  extent  of  this  increased  katabolism  accurately,  because 
no  method  can  be  devised  which  will  deal  with  muscular  activity  alone. 
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Rubner's  table  snggestB  a  starting-pomt,  but  this  katabolism  k  very 
variable.  Whether,  beeides  the  influence  on  general  nutrition  and  the 
intake  of  nourishment  for  the  time  being,  it  depends  to  some  extent  on 
the  size  of  the  body,  and  even  on  familiarity  with  cold  baths,  is  an  open 
question.  Rubner's  two  subjects  show  a  certain  difference  in  favour  of 
the  trained  man. 

More  recent  researches  referring  to  the  adaptive  faculties  developed 
by  repeated  heat  deprival — a  factor  easily  lost  sight  of  in  the  estimation 
of  katabolism — give  different  results.  Durig  and  Lode  (21)  corroborate 
Nasaroff^s  observation  that  dogs  subjected  repeatedly  to  cold  baths 
show  this  adaptive  power  in  that  the  rectal  temperature  is  only  reduced 
by  the  first  bath,  and  that  subsequent  ones  cause  little  or  no  change 
before  and  after.  Analyzing  Naaaroff^s  phenomenon,  they  came  to  tiie 
conclusion  that  this  adaptability  was  entirely  a  matter  of  physical 
regulation,  and  did  not  involve  any  alteration  of  metabolism.  They 
advance  the  hypothesis  that  the  vasomotor  reaction  Ib  not  controlled 
in  these  repeated  baths  by  the  action  of  the  involuntary  muscle  of  the 
bloodvessels,  but  by  a  loss  of  susceptibility  to  the  temperature  stimulus 
of  the  cold — a  view  which  assorts  ill  with  all  the  talk  in  '*  hydriatic  " 
literature  about  exercise  of  the  capiUaiy  musculature  making  the  reaction 
appear  more  readily. 

With  reference  to  the  increased  metabolism  proved  to  be  due  to  cold 
baths  the  question  arises.  What  is  the  chief  constituent  of  the  body  that 
is  used  up  in  the  process  f  All  observers  agree  that  only  non-nitrogenous 
material  is  oxidized.  Voit,  in  his  masterly  researches,  showed  that,  so 
long  as  cold  produces  no  decrease  of  the  intrinsic  heat,  there  is  no  increase 
of  protein  metabolism — i.e.,  the  increased  heat  production  is  attributable 
solely  to  muscular  activity.  Rubner's  increased  respiratory  quotient 
bespeaks  the  same  conclusion. 

If,  on  the  other  hand,  material  disturbance  of  the  heat  balance  occurs, 
such  as  may  be  produced  by  very  energetic  bath  processes,  the  protein 
metabolism  does  appear  to  be  affected. 

Warm-blooded  animals,  as  Sander,  Ezn  (23),  and  Voit  (24)  showed, 
behave  when  the  body  temperature  falls  just  like  cold-blooded — ^that  is 
to  say,  their  metabolism  as  a  whole  diminishes.  The  protein  disintegra- 
tion under  these  conditions,  however,  rises  above  the  normal,  as  L6pine 
and  Floward  (25)  and  Dommer  (26)  demonstrated  in  animals,  and  Por- 
man^k  (27)  in  men,  whose  temperatures  he  reduced  to  32^  C. 

Apart  from  this  increased  metabolism  of  protein  due  to  excessively 
low  temperatures,  very  little  is  known  of  the  nitrogen  balance  after  cold 
baths.  In  particular,  there  is  a  want  of  accurate  work  with  recent 
methods  on  the  relations  of  its  individual  components.  Strasser's  re- 
sults (28)  are  not  of  very  great  value.  He  estimated  the  NH,,  urea,  and 
extractives  after  repeated  baths. 

The  only  reliable  investigations  are  those  of  Schilling  (29),  who,  after 
cold  baths,  showed  a  marked  increase  in  the  ammonia  excreted  in  the 
urine,  which  was  not  associated  with  a  simultaneous  increase  of  total 
nitn^gen.    He  regarded  this  as  due  to  acidosis. 
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There  is  no  mechAnism  corresponding  to  the  increased  oxidation  by 
which  lack  of  heat  is  compensated  whereby  the  organism  can  reduce  its 
heat  production  or  decrease  its  metabolism  when  exposed  to  heat  or 
when  heat  loss  is  prevented.  Only  a  very  trifling  diminution  is  com- 
patible with  the  maintenance  of  existence.  The  "  increase-mechanism  " 
of  the  working  organs  can  alone  be  controlled ;  the  '*  minimal  metabo- 
lism "  cannot  be  lowered. 

In  small  animals,  like  dogs,  the  heat  production  is  independent  of 
chemical  regulation  in  a  surrounding  temperature  of  30°  C,  and  can  be 
no  further  reduced.  In  man  the  temperature  is,  perhaps,  a  little  higher 
(c/.  table.  Vol.  I.,  p.  246). 

Exposure  to  heat  probably  only  affects  the  body  temperature  by 
physical  regulation,  which  in  normal  men  is  chiefly  a  question  of  evapora- 
tion. If,  when  its  Umits  are  reached,  this  physical  regulation  proves 
insufficient,  the  body  temperature  rises  unchecked. 

It  may  be  taken  as  certain  that  a  rise  of  temperature  means  an  in- 
crease of  metabolism.  Long  ago  Pfliiger  (30)  was  able  to  show  that  the 
heat  production  in  suckling  animals  exposed  to  heat  was  increased — ^for 
instance,  in  rabbits  it  rose  by  6  per  cent,  if  the  body  temperature  was 
raised  1°  C.  The  contradictory  observations  of  litten  (31),  Siman- 
owski  (32),  and  Speck  (33),  may  be  explained  by  the  fact  that,  during 
the  heating  for  short  periods  only,  the  effects  upon  metabolism  may 
become  equalized  during  the  succeeding  hours,  and  therefore  in  the 
twenty-one  hour  experiments  such  as  Simanowski  carried  out  may  not 
come  into  evidence  at  all.  Even  Volt  (34)  has  at  last  accepted  Pfluger's 
opinion. 

More  recent  work  has  shown  that  this  holds  good  for  man  (35- 
37,  39).  Wintemitz's  (35)  results  are  especially  important,  because 
they  show  that  the  increased  consumption  of  oxygen  caused  by  a  mode- 
rately hot  bath  far  exceeds  that  due  to  fever,  which,  as  is  well  known, 
only  averages  about  20  per  cent.  He  found  this  increased  consumption 
even  with  quite  gradual  and  moderate  heating,  which  did  not  cause  any 
mechanical  change  in  the  respiration.  The  facts  are  detailed  in  the 
table  on  p.  966,  and  there  seems  every  reason  for  accepting  them. 

The  experiments  of  Wintemitz,  which  were  subsequently  repeated 
with  the  same  results,  show  a  marked  increase  of  metabolism  with  hot 
baths,  thus  confirming  the  respiratory  analyses  of  Idnser  and  Schmid, 
who  determined  the  gas  exchange  of  a  man  suffering  from  ichthyosis, 
and  found  the  oxygen  consumption  increased  in  a  very  hot  room  by 
100  per  cent.  Salomon,  on  the  contrary,  observed  that  hot  air  and  light 
baths  in  healthy  persons  affected  the  metabolism  very  much  less,  in 
spite  of  the  processes  being  very  powerful,  and  lasting  some  four  hours. 
The  increase  of  the  oxygen  consumption,  after  deducting  the  amount 
attributable  to  increased  work  done,  amounted  on  an  average  to  only 
15*9  per  cent.    Salomon  justly  draws  attention  to  the  extraordinarily 
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small  effect  on  the  gaseous  exchange  compared  with  that  on  the  body- 
heat,  body-weighty  and  general  well-being,  which  is  so  pronounced.  In 
his  experiments  an  overheating  was  actually  produced  which  not  only 
equidled,  but  surpassed,  that  obtained  by  Wintemitz,  so  one  can  scarcely 
assume  the  existence  of  a  better  physical  regulation  in  the  hot-air  bath 
as  being  responsible  for  the  difference. 

Perhaps  the  chemical  action  of  hot  water  on  the  skin,  to  which  Bier 
(40)  refers  confidently,  may  affect  the  issue.  The  influence  of  this  upon 
metabolism  will  be  discussed  later.  But  it  does  not  help  to  explain  the 
disagreement  between  Salomon's  results  and  those  of  Idnser  and  Schmid, 
who  worked  exclusively  with  the  hot-air  bath.  Probably  the  absence 
of  sweating  causes  the  subject  of  ichthyosis  to  behave  somewhat  differ- 
ently from  a  normal  person.  In  Wintemitz's  table  it  will  be  seen  that 
the  COt  output  and  oxygen  intake  go  hand  in  hand,  while  the  respiratory 
quotient  shows  only  trifling  variations  in  the  direction  of  increase. 

Linser  and  Schmid,  on  the  other  hand,  found  the  oxygen  consumption 
increased  as  much  as  100  per  cent.,  the  CO^  output  less  so  (40  per  cent.), 
while  the  respiratory  quotient  fell  to  0*429.  They  remark  upon  this 
difference,  with  a  reference  to  the  investigations  of  Riethus  and  Loewy, 
who  in  febrile  conditions  noted  a  constant  fall  in  the  respiratory  quotient 
(c/.  Vol.  I.,  p.  199).  Riethus  insists  emphatically  that  this  fall  does  not 
depend  on  the  increase  of  temperature  fer  se,  but  on  the  toxaemia. 

Moreover,  the  facts  are  not  so  utterly  at  variance  as  at  first  sight 
appears,  for  Wintemitz  in  his  second  research  and  Salomon  also 
found  the  respiratory  quotient  diminished,  although  not  to  the  same 
extent  as  did  Linser  and  Schmid.  This  may  be  due  to  the  fact  that  its 
variations  depend  on  other  causes  than  the  mere  heating,  for  the  respira- 
tory quotient  bears  no  constant  relation  to  the  temperature. 

From  a  teleological  point  of  view,  increase  of  metabolism  and  heat 
production  seem  quite  inappropriate  consequences  of  overheating,  and 
they  cannot  be  explained  simply  on  the  ground  of  increased  work  by 
the  heart,  or  of  respiration,  or  of  sweat  secretion.  Wintemitz  calculates 
that  of  the  40  to  111  per  cent,  increase  of  oxygen  intake  and  CO^  output, 
according  to  the  duration  and  heat  of  the  bath,  after  subtracting  the 
proportion  due  to  increased  work,  there  still  remains  30  to  75  per  cent, 
unaccounted  for.  Here  Pfliiger's  theory  may  be  applied  that  as  soon 
as  the  heat  balance  is  impaired  in  warm-blooded  animals,  the  oxidation 
processes  obey  the  law  that  otherwise  holds  good  for  organic  and  inorganic 
bodies.  Oxidation  increases  with  a  rise  in  temperature  and  decreases 
with  a  fall. 

CSomparatively  few  investigations  have  been  made  into  the  after- 
effects of  hot  baths. 

The  results  of  the  earlier  observers,  Jiirgensen,  Baelz  (42),  and  Speck, 
show  that  the  body  temperature  can  still  go  on  rising  for  a  short  time 
after  the  end  of  a  hot  or  vapour  bath.  Speck  offers  the  following  ex- 
planation :  "  The  thoroughly  heated  skin  must  for  a  while  continue  to 
act  as  though  it  were  still  in  the  hot  bath."  This  is  not  so  improbable 
when  we  remember  that  the  skin  temperature  in  a  hot  bath  is  much 
higher  than  that  of  the  blood,  muscles  and  liver  [Hirsch  and  Miiller  (43)]. 
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Badz,  moreover,  stated  that  he  had  not  observed  a  subsequent 
abnormal  fall  of  temperature  by  way  of  compensation.  Wick,  who  has 
completely  followed  put  the  course  of  the  temperature  after  hot  baths, 
concludes  that  after  about  two  hours  the  normal  is  r^ained,  and  says 
that  here  and  there  he  even  observed  slightly  subnormal  temperatures. 
Ignatowski  corroborates  this :  he  met  with  a  fresh  secondary  rise  after 
the  subnormal  temperature.  It  seems  a  striking  point  that  all 
authorities  are  agreed  that  at  any  rate  no  considerable  fall  of  temperature 
occurs  after  hot  baths,  although  the  skin  is  very  vascular  for  some  time, 
and  the  heat  loss  must  be  greatly  increased.  Ignatowski  found  the  loss 
by  conduction  and  radiation,  and  especially  evaporation,  increased  after 
hot  baths,  the  latter  twice  or  three  times  the  normal ;  yet  the  body 
temperature  only  falls  very  slowly,  owing,  probably,  to  the  fact  that  even 
after  the  bath  the  increase  of  heat  production  continues.  Both  Igna- 
towski's  calorimetric  estimations  and  Wintemitz's  analyses  of  respiration 
prove  this.  Wintemitz  found,  for  instance,  the  oxygen  consumption  in 
one  case  increased  by  29  per  cent,  even  seventy-five  minutes  after  the 
bath,  at  a  time  when  the  breathing  showed  practically  no  change  {vide 
Table). 

In  a  few  cases  Ignatowski  failed  to  observe  any  increase  of  heat 
production.  He  states  expressly  that  in  this  event  the  subjects  of  the 
experiment  showed  signs  of  great  fatigue.  There  may  be  a  good  deal 
in  this  suggestion.  Salomon  was  not  able  to  demonstrate  any  after-effect 
on  metabolism  in  his  experiments  with  hot  air  and  light  baths. 

Buhner  investigated  the  effects  of  short-lasting  hot  baths.  It  appears 
that  even  in  these,  where  the  heat  balance  can  hardly  be  disturbed, 
the  volume  of  respired  air,  CO^  output  and  oxygen  intake  were  in- 
creased, but  to  a  far  less  degree  than  in  the  case  of  cold  baths.  The 
following  table  gives  a  comparison  of  results  in  a  hot  and  a  cold  bath  : 


— 

Hoi  Bath. 

CiMBaih. 

Tampentore  W"  0. 

Tnnpantanie^a 

Increase  of  inspired  air    . . 

Increaae  of  (X), 

Increase  of  0         

FerOsnt 
180 
321 
17-3 

FwCent. 
22*9 
64-8 
46*8 

It  is  remarkable  that  the  respiratory  quotient  showed  the  same  increase, 
in  both  instances  rising  from  0-86  to  1*0,  from  which  it  seems  not  im- 
probable that  exposure  to  considerable  heat  may  lead  to  a  demand 
upon  the  organs  for  increased  work,  just  as  with  cold  baths.  There  is, 
however,  another  possible  explanation,  the  chemical  action  of  hot  water 
referred  to  before.  Rubner  has  done  some  work  on  the  after-effects 
of  short  hot  baths  and  douches,  and  demonstrated  an  hour  afterwards 
a  decrease  both  in  the  volume  of  respired  air  and  in  metabolism ;  this 
was  especially  marked  when  the  expwiment  was  made  with  the  subject 
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of  experiment  in  the  standing  position :  the  oxygen  intake  then  fell  by 
26'7  per  cent.  There  is  a  considerable  di£Ference  in  the  after-effects  of 
hot  baths  according  to  their  length  of  duration.  It  is  uncertain  what 
causes  the  decreased  heat  production  described  by  Buhner  as  occurring 
after  short  hot  baths  ;  the  sense  of  fatigue  produced  and  the  consequent 
muscle  rest  must  be  taken  into  consideration. 

Since  hot  baths  increase  the  rate  of  metabolism,  the  same  problem 
presents  itself  as  in  cold  baths,  What  materials  are  consumed 
in  the  process  t  In  cold  baths  it  is  certain  that  the  metabolism  of 
proteins  does  not  account  for  it,  but  in  hot  baths  the  case  is  different, 
provided  that  the  heat  is  sufficiently  great  to  raise  the  body  temperature 
considerably,  and  not  allow  it  to  be  maintained  constant  as  in  cold 
baths.  This  increase  of  protein  metabolism  has  been  demonstrated  not 
only  in  animals  (44  to  47),  but  also  in  man  (48,  49).  Forman^  thinks 
that  in  man  a  single  hot  bath  has  not  so  marked  an  effect  as  repeated 
baths  on  several  days.  Bomstein  (50)  failed  to  find  the  increased  protein 
metabolism,  but  it  may  very  well  happen  that  there  was  a  deficient 
excretion  of  its  products  in  the  urine,  or,  as  Wintemitz  pointed  out, 
a  considerable  nitrogen  output  might  pass  unnoticed  in  the  sweat. 
Negative  results  cannot  shake  positive  results  obtained  with  accurate 
methods.  All  this  earlier  work  assumes,  and  great  stress  was  laid  upon 
the  fact,  that  intrinsic  overheating  was  actually  and  readily  obtained. 
We  shall  see  presently  that  more  recent  and  complete  experiments, 
which  did  not  start  off  with  this  assumption,  showed  no  sign  of  increased 
protein  metabolism.  The  view  has  been  advanced  by  Voit  that  increase 
of  protein  metabolism  is  not  a  primary  result  of  increased  body-heat. 
First  of  all  the  output  of  non-nitrogenous  material  is  increased,  and, 
when  this  "protein-saving"  device  is  exhausted,  the  protein  balance 
becomes  as  a  secondary  result  exposed  to  attack.  Voit  supports  his  view 
by  two  examples.  He  found,  as  did  Schulte  Overberg  previously  (61), 
a  very  small  amount  of  glycogen  in  the  liver  after  utificial  overheating ; 
then  by  giving  30  to  40  grammes  of  sugar  he  found  he  was  able  to  prevent 
{vorzubeuffen,  he  expresses  it,  without  actual  figures)  the  increased  nitrogen 
excreticm.  Voit's  methods  are  so  unassailable  that  it  seems  very  remark- 
able that  cold,  in  contrast  to  heat,  does  not  cause  any  increase  of  protein 
metabolism  as  long  as  the  body-heat  does  not  fall,  although  the  general 
rate  of  metabolism  is  so  greatly  raised,  and  "  a  primary  consumption  of 
non-nitrogenous  material "  is  proved  to  exist. 

But  the  analogy  between  cold  and  heat  is  very  dose.  If  the  heat 
balance  is  violently  disturbed,  and  the  constant  temperature  of  the  body 
can  no  longer  be  maintained,  then  in  both  cases  the  protein  balance  is 
upset. 

Whether  the  increase  of  protein  metabolism  due  to  mechanical 
overheating  is  the  same  process  as  occurs  in  fever  is  more  questionable. 
Martin  (53),  in  some  researches  made  at  my  suggestion,  found  the 
atbumasea,  which  are  almost  constantly  present  in  fever,  always  absent 
in  overheating,  a  fact  corroborated  by  linser  and  Schmid.  I  admit  that 
exception  has  been  taken  to  the  methods  employed. 

Yet  even  if  Martin's  results  are  not  absolutely  reliable,  they  are  to 
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some  extent  supported  by  the  aocurate  and  important  researches  of 
Linser  and  Schmid  on  protein  metabolism  in  fever  and  overheating. 

Linser  and  Schmid  made  farther  experiments  in  cases  of  ichthyosis ; 
these  patients  have  the  peculiarity  of  not  sweating,  and  can  be  over- 
heated with  comparative  ease,  since  their  powers  of  evaporation  are  very 
limited.  Merely  remaining  at  rest  in  a  room  heated  to  30^  to  38^  C.  is 
enough  to  raise  their  temperature  to  38^  or  39^  C.  for  a  whole  day.  In 
other  subjects  physical  regulation  proved  to  be  more  or  less  adequate ; 
they  must,  as  a  rule,  be  kept  in  a  hot-air  bath  to  raise  their  temperature. 

Linser  and  Schmid  conclude  that  external  heat,  even  applied  for 
many  days,  does  not  cause  an  increased  protein  metabolism,  provided 
the  body  temperature  does  not  exceed  the  limit  of  39°  C.  As  a  rule, 
when  40°  C.  is  reached,  the  nitrogen  output  is  increased.  If  the  process 
of  heating  is  abrupt,  this  increase  very  readily  occurs.  Linser  and  Schmid 
also  maintain  that  in  febrile  diseases  with  high  temperatures  the  hyper- 
thermia as  such  has  no  effect  on  the  nitrogen  output,  which  is  simply 
due  to  the  toxsemia ;  they  proved  that  administration  of  carbohydrates 
limits  the  nitrogen  output  in  fever,  though  not  to  the  same  extent  as 
when  the  body  temperature  was  normal,  a  fact  which  has  an  important 
bearing  on  Voit's  theory ;  but  they  do  not  agree  with  him  in  thinking 
that  the  increased  nitrogen  output  in  conditions  of  hyperthermia  is 
simply  a  question  of  lack  of  oxidisable  non-nitrogenous  material. 

Moreover,  Senator  and  Bichter  (52)  quite  recently  have  denied  any 
definite  relation  between  the  amount  of  glycogen  in  the  organs  and  the 
rise  of  temperature;  they  even  suggest  that  the  increased  nitrogen 
output  is  not  nearly  so  often  met  with  as  the  increased  heat  production. 
According  to  a  calculation  made  by  Wintemitz,  increased  protein  dis- 
integration is  associated  with  increased  heat  production  in  only  about 
one-third  of  the  observed  cases,  so  that  it  is  reasonable  to  conclude  that 
under  the  influence  of  overheating  an  increased  consumption  of  non- 
nitrogenous  material  actuidly  takes  place.  Lastly,  as  bearing  upon  this 
question  of  the  constituents  which  contribute  to  the  increased  nitrogen 
output,  Driver  (55)  demonstrated  that  the  marked  increase  of  purin 
bodies  in  the  urine  described  by  Prey  and  Heiligenthal  (54)  could  not  be 
found.  A  slight  increase,  amounting  to  about  a  decigranmie,  was  indeed 
found^th  by  us  and  by  Linser  and  Schmid. 

The  excretion  of  ammonia  was  shown  by  Linser  and  Schmid  and 
Schilling  to  run  parallel  with  that  of  total  nitrogen,  but  it  was  noticed 
that  the  increase  of  ammonia  was  always  a  little  less  than  that  of  total 
nitrogen.  These  authors  found  the  same  to  hold  good  of  the  amino- 
acids.  The  phosphoric  acid  curve  was,  however,  always  paridlel  with 
that  of  the  nitrogen. 

Liithje  (56)  has  made  an  extremely  interesting  observation  on  the 
influence  of  temperature  on  pathological  conditions  of  metabolism.  In 
a  dog  with  pancreatic  diabetes,  high  temperatures  caused  a  slight,  low 
temperatures  a  marked,  increase  of  sugar  excreted.  Liithje  claims  to 
have  seen  a  striking  and  rapid  alteration  in  the  limits  of  tolerance  in 
men  when  they  are  idlowed  to  stay  for  a  long  time  in  a  temperature  of 
30^  C.    Bendix  (57)  succeeded  in  producing  glycosuria  in  man  by  the 
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administration  of  large  amounts  of  grape-sugar  simultaneously  with 
diuretics ;  this  glycosuria  was  suppressed  by  free  sweating,  and  the 
sugar  api>eared  in  the  sweat. 


m.— TEPID  OR  INDIPPERENT  BATHS. 

We  have  akeady  mentioned  that  the  limits  of  indifference  vary  in 
individuals.  Exactly  indifferent  temperatures  have  no  effect  on  meta- 
bolism, whatever  the  duration  of  the  baths.  AH  observers,  both  early 
and  recent,  are  agreed  on  this  point,  which  is  borne  out  by  the  possi- 
bility of  remaining  a  week  or  so  in  a  constant  water-bath  without  injury, 
providing  the  '*  indifference  "  is  accurately  adjusted  to  the  metabolism. 


IV.— MECHANICAL  OR  CHEMICAL  STIMULATION. 

In  the  first  place  it  must  be  recognised  that  such  stimulation  has  the 
effect  of  breaking  down  phjrsical  regulation  prematurely,  and  so  unduly 
increasing  the  heat  production.  Wintemitz  (58)  demonstrated  this 
by  showing  that  friction  applied  in  a  cold  bath  caused  an  earlier  fall  in 
the  temperature  than  a  bath  without  the  friction.  Wintemitz  and 
Pospischil  (50)  found  by  respiratory  analysis  that  this  rubbing  whilst 
in  a  cold  bath  increased  the  oxygen  intake  and  the  CO^  output  more 
than  the  bath  alone.  Still,  it  cannot  be  taken  for  granted  that  the  break- 
ing down  of  physical  regulation  is  the  sole  result  of  mechanical  stimula- 
tion ;  it  may  directly  promote  metabolism.  At  least,  Wintemitz  fell 
back  on  this  explanation  for  the  very  marked  increase  of  heat  production 
which  he  observed  in  a  hot-sand  bath,  which  was  far  beyond  Salomon's 
records  in  the  hot-air  bath :  he  suggests  that  both  the  nature  of  sand 
and  the  pressure  of  its  weight  produces  a  considerable  stimulation  of  the 
skin.  And  this  view  is  the  less  likely  to  be  dismissed,  since  Wintemitz 
was  able  to  prove  that  chemical  stimulation  can  increase  metabolism. 

Paalzow  (60)  showed  that  by  brushing  the  skin,  or  by  the  application 
of  mustard  paste,  an  increased  temperature  can  be  obtained  in  man, 
and  by  the  use  of  mustard  paste  in  rabbits  an  increased  heat  production 
may  be  demonstrated  by  respiratory  analysis.  Both  the  oxygen  intake 
and  the  CO^  output  were  raised,  the  first  from  6-7  per  cent,  to  51*2  per 
cent.  Wintemitz,  using  a  reliable  method,  found  that  mustard  in  a 
therapeutically  active  form  added  to  an  indifferent  bath  served  to 
increase  the  oxygen  intake  and  00^  output  by  about  25  per  cent,  without 
affecting  the  respiratory  quotient.  The  increase  is  proportional  to  the 
length  and  strength  of  the  bath,  which,  as  Wintemitz  showed,  has 
nothing  to  do  with  the  act  of  respiration  or  the  visible  muscular  contrac- 
tion, but  simply  with  an  increased  tissue  metabolism ;  and,  since  Kostlin 
has  proved  that  protein  metabolism  is  unaffected,  it  must  be  assumed 
that  Wintemitz's  increased  heat  production  is  provided  by  oxidation 


972  THE  PATHOLOOT  OF  METABOLISM 

of  non-nitrogenous  materiaL  Yet  it  is  rather  remarkable  that  the 
respiratory  quotient  shows  no  variation  indioative  of  increased  carbo- 
hydrate  oxidation. 

Of  greater  clinical  interest  than  the  action  of  mustard  baths  is  that  of 
brine  baths. 

The  earlier  researches  of  Jacob  (61  to  63)  and  Leichtenstem  showed 
that  there  was  no  difference  in  the  action  of  plain  water  and  concentrated 
brine  baths.  In  1871  Bohrig  and  Zuntz  (64)  showed  that  the  oxygen 
intake  and  the  00^  output  in  rabbits  was  considerably  greater  than  in 
plain  water  at  the  same  temperature.  Wintemitz  found  that  baths 
containing  common  salt,  Stassfurt  salts,  or  pure  potassium  chloride, 
produced  but  little  change  in  the  metabolism  of  healthy  adults  (the  highest 
figure  was  15  per  cent,  after  a  bath  lasting  an  hour). 

The  protein  metabolism  after  brine  baths  has  been  frequently  investi- 
gated. Dommer  obtained  in  a  dog  a  marked  rise  in  the  nitrogen  output 
in  an  indifferent  bath  (brine»4  per  cent.),  but  later  observers,  except 
Robin  (66),  have  not  corroborated  this.  Keller  (67)  and  KosUin  (66) 
actually  described  a  decrease.  Robin  and  Keller's  methods  are  not 
beyond  criticism,  but  Kostlin's  results,  obtained  in  Von  Mering's 
laboratory,  must  be  accepted  without  hesitation.  Kostlin  found  that 
common  salt  baths  have  no  effect  on  the  protein  balance,  but  that 
Stassfurt  salts  cause  a  sUght  decrease.  This  he  considers  to  be  due  to 
the  presence  of  potassium  chloride,  for  he  found  the  same  decrease  in 
baths  contaimng  pure  potassium  chloride;  while  the  chlorides  of 
magnesium  and  sodium,  which  are  also  present  in  Stassfurt  salts,  failed 
to  produce  a  similar  result. 

The  majority  of  the  investigations  tend  to  show  that  the  effect  which  is 
experimentally  demonstrable  is  very  trifling,  and  yet  clinical  experience 
tells  a  different  story.  Every  physician  is  acquainted  with  the  marked 
effect  of  brine  baths  upon  strumous  children ;  in  fact,  a  very  close  watch 
has  to  be  kept  on  the  patient's  weight.  In  this  connection  Heubner's 
work  (68)  is  most  important,  for  his  researches  were  made  not  on  healthy 
adults,  but  on  strumous  children  of  both  the  "  phl^^atio  "  and  the 
'*  sanguine  "  type. 

True,  no  respiratory  analyses  were  taken,  but  apart  from  this  the 
experiments  show  that  on  children  of  this  sort  brine  baths  act  definitely. 
The  body- weight  was  found  not  to  increase,  in  spite  of  liberal  feeding ; 
the  nitrogen  output  was  increased,  and  the  storing  up  of  protein  was 
correspondingly  lessened ;  no  chloride  retention  could  be  demonstrated. 
Heubner,  who  was  particularly  observing  the  effect  of  brine  baths  on 
circulation,  came  to  the  conclusion  that  metabolism  is  affected  in  two 
ways — "  by  the  production  of  an  ebb  and  flow  of  blood  between  the 
viscera  and  the  integument,  and  by  some  action  on  the  terminations 
of  the  peripheral  vasomotor,  and  perhaps  even  on  the  endings  of  the 
sensory  nerves." 

Loewy  and  MiiUer  (70)  give  some  data  as  to  respiratory  analysis  in 
their  work  on  sea  air  and  sea  baihs.  The  only  previous  investigations 
had  been  those  of  Bennecke  (71)  in  1858,  which  showed  an  increase  of 
urea  in  the  urine  and  a  decrease  of  uric  acid  and  phosphates.    Loewy 
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and  Miiller  analyzed  the  respiration  in  three  cases  from  three-quarters 
to  four  and  three-quarter  hours  after  the  baths  (taken  like  ordinary  cold 
sea  baths).  They  did  not  omit  to  determine  tiie  effect  of  a  cold  bath 
as  such,  and  also  of  the  salt  contained  in  it ;  and  also,  in  the  last  case, 
they  had  to  consider  the  effect  of  an  indifferent  warm  sea  bath.  They 
were  particularly  anxious  to  ascertain  whether  a  longer  after-effect  was 
produced  by  sea  baths,  and  the  method  adopted  was  similar  to  that  of 
Buhner's,  of  whose  publication  they  were  unaware. 

Firstiy,  they  observed  most  marked  individual  changes  in  the  type 
of  respiration  approaching  the  Cheyne-Stokes  breathing,  and  the  chemical 
relations  were  altered,  for  the  mechanism  and  chemistry  of  respiration  are 
very  closely  associated. 

In  all  three  cases  the  gas  exchange  showed  an  increase,  the  least 
in  one  who  proved  quite  indifferent  to  sea  air,  the  most  in  a  subject 
in  whom  the  mere  effect  of  the  climate  had  caused  the  resting  metabolism 
to  reach  the  highest  level.  It  seemed,  also,  that  the  effect  of  sea  baths 
was  not  limited  to  the  actual  time  of  their  duration,  and  it  is  very  inter- 
esting to  note  that  the  effect  on  the  appetite  shows  no  relation  to  the 
metabolism.  These  experiments  are,  therefore,  the  more  valuable  because 
they  were  carried  out  under  the  ordinary  conditions  which  obtain  with 
sea-bathing.  The  individual  variations  agree  pretty  well  with  Rubner*s 
determinations  (p.  966). 

Several  authors  describe  a  fine  deposit  of  salt  crjrstals  remaining  on 
the  skin  after  brine  baths.  Hiller  (69)  thinks  this  may  stimulate  the 
skin  no  lees  vigorously  than  the  bath  itself.  Schwenkenbecher  (73),  who 
has  recentiy  made  resorption  by  the  skin  his  special  study,  suggests 
that  the  water  taken  up  by  the  deposit  of  a  hygroscopic  salt  constitutes 
a  stimulus.  Stimulation  of  the  skin  increases  oxidation,  and  with 
reference  to  this,  Frankenhauser  (72)  has  made  the  odd  suggestion  that 
in  man,  when  the  aqueous  tension  of  the  respired  air  remains  constant, 
the  excretion  of  water  depends  primarily  on  the  moisture  of  the  skin, 
and  when,  after  a  brine  bath,  this  fine  layer  of  salt  is  deposited,  it  must 
form,  with  the  moisture  of  the  skin,  a  concentrated  salt  solution.  Salt 
solutions,  however,  evaporate  more  slowly  than  plain  water,  so  this 
deposit  lessens  the  heat  loss,  and  has  really  the  effect  of  a  cloak.  The 
hygroscopic  property  of  the  salt  is,  then,  more  important  than  the  actual 
amount  crystallized  out  on  the  skin.  Frankenhauser  showed  experi- 
mentally that  a  spot  of  skin  impregnated  with  a  hygroscopic  salt  solution 
does  actually  give  off  less  heat  than  the  plain  skin  under  like  conditions. 
Heubner  has  estimated  quantitatively  this  alleged  deposit  in  his  cases 
after  the  bath ;  it  turns  out  to  be  an  amount  barely  recognisable. 

Wintemitz  has  worked  out  the  action  of  CO^  baths  on  metabolism. 
The  results  showed  a  remarkable  increase  in  CO^  output  without  a 
corresponding  increase  in  the  oxygen  intake.  The  total  volume  of  re- 
spired air  was  greatiy  increased.  Wintemitz  explained  the  increased 
COt  output  by  a  resorption  of  COt  by  the  skin,  stating  that  the  increased 
respiratory  volume  was  accounted  for  in  part  by  the  increased  00^ 
resorption,  and  in  part  by  the  appreciable  stimulation  of  the  skin  which 
the  OOt  produces.    The  addition  of  Nad  and  CSaGlt»  which  are  present 
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in  the  natural  springs,  increased  the  resorption  of  00^.  ZCUzer  (74),  with 
oxygen  baths,  which  have  hitely  been  recommended  as  substitutes  for  the 
00)  baths,  found  a  very  trifling  resorption  of  oxygen — about  one-hun- 
dredth of  the  total  inspired  amount.  It  should,  however,  be  noted  that 
probably  Wintemitz's  experiments,  valuable  as  they  are,  have  no  bearing 
on  the  practical  problem,  since  he  worked  entirely  with  indi£Ferent  warm 
baths.  The  effect  of  CO^  baths  in  practice  amounts  to  this — ^that  the 
CO,  makes  a  cold  bath  endurable  for  a  longer  time,  because  the  skin  is 
reddened,  and  the  cold  is  not  so  readily  felt.  Actually,  the  effect  of  a 
cold  plain  bath,  and  that  of  a  CO,  bath  at  the  same  temperature,  appear 
from  the  respiratory  analyses  to  be  precisely  the  same.  It  will  naturidly 
be  supposed  that  the  heat  loss  and  secondary  heat  production  will  be 
increased  by  a  CO,  bath  where  the  physical  regulation  is  prematurely 
broken  down  and  the  skin  reddened  as  if  by  friction.  From  an  analysLs 
made  by  Senator,  it  is  open  to  question  whether  a  cold  CO,  bath  causes 
even  as  much  heat  loss  as  a  plain  water  bath. 

In  baths  which  contain  00,  the  skin  becomes  covered  with  bubbles 
of  gas.  Senator  and  Frankenhauser  (76)  have  shown  that  there  is  a 
considerable  .difference  in  heat  conduction  and  heat  capacity  between 
CO,  and  water.  Carbon  dioxide  at  25°  C.  acts  as  a  *'  warm  "  stimulus, 
water  at  26°  C.  as  a  cold  one ;  it  is  to  this  that  the  authors  attribute  the 
specific  effect  of  these  baths.  We  may  readily  conceive  that  the  parts 
of  skin  covered  with  CO,  give  off  less  heat  than  those  touched  by  the 
water,  and  in  theory  the  CO,  bath  might  cause  a  less  heat  loss  than 
plain  water  at  the  same  temperature.  This  is  only  hypothesis,  for  no 
work  has  been  published  on  the  subject.  From  the  practical  standpoint, 
I  can  assert  with  certainty  that  the  temperature  in  fever  can  be  as 
successfully  reduced  with  cold  CO,  baths  as  with  plain  cold  water. 

Sulphur  bcOha  have  no  effect  on  metabolism  [Wintemitz  (59),  Bain 
and  Edgecombe  and  Frankling  (114)]. 

Peat  and  mud  baths  cause  the  same  deposit  on  the  skin  as  CO,  baths. 
The  smaller  heat  capacity  of  the  peat  compared  to  water  allows  a  higher 
temperature  to  be  maintained.  Metabolism  may  also  be  affected  by 
the  chemical  action  of  peat  (free  acids  are  always  present),  by  its  con- 
sistency, and  by  the  manner  in  which  it  prevents  movement.  No  re- 
spiratory analyses  are  available.  The  conclusion  at  which  Nenadovicz  (76) 
arrives — ^that  cold  peat  baths  "  exhaust  the  muscle  substance,  but 
favour  the  nerve  substance,  while  hot  peat  baths  have  the  reverse  effect " 
— appears  to  be  a  hasty  generalization  not  based  on  very  satisfactory 
data. 

Of  late  there  has  been  a  great  talk  about  radio-custive  gubatancea,  or 
radium  emanations,  in  baths.  Assuming  them  to  be  present,  all  that  can 
be  said  is  that  no  one  can  contradict  their  supposed  effect  on  metabolism 
of  the  tissues ;  but  there  is  no  positive  evidence  which  is  anything  better 
than  guess-work. 

Siegel's  (77)  researches  deserve  mention  here,  for  they  show  the 
influence  of  baths  in  general  on  the  oxidation  of  benzol  in  the  system. 
Si^el  investigated  "series"  of  days,  on  some  of  which  baths  were 
administered  and  some  not.    The  individual  variations  were  considerable, 
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but,  at  any  rate,  cold  baths  certainly  increased  the  phenol  excretion, 
and  sweating  processes  had  a  more  marked  effect. 

Brine  baths  at  indifferent  temperatures  gave  no  result.  Hot  brine 
baths  of  yarious  temperatures  were  much  more  potent  and  lasting  in 
their  effect  than  plain  water  of  the  same  temperature. 

To  sum  up,  it  will  be  seen  that  both  hot  and  cold  baths  increase 
the  processes  of  metabolism,  but  tepid  baths  have  no  such  effect ;  that 
the  addition  of  mechanical  and  chemical  stimulation  increases  their  effect, 
either  through  breaking  down  the  physical  regulation  or  through  some 
specific  action.  The  increase  of  metabolism  thus  obtained  is  most 
difficult  to  estimate ;  even  the  determination  of  the  after-effect  cannot 
pretend  to  give  us  an  adequate  idea,  because  the  effect  of  movement 
cannot  be  expressed  in  terms.  In  general,  cold  baths  have  the  greater 
effect,  because  they  lead  to  more  movement.  With  hot  baths,  which 
cause  a  greater  sense  of  fatigue  and  less  movement,  the  same  argument 
does  not  apply.  If  we  suppose,  for  instance,  that  a  hot  bath  lasting  an 
hour  were  to  increase  the  rate  of  metabolism  by  100  per  cent.,  it  would 
only  affect  one  twenty-fourth  of  the  daily  quantity  of  calories.  Clinical 
experience  suggests  that  sweat  cures  for  obesity  depend  far  more  upon 
impairment  of  the  appetite  than  on  any  change  in  metabolism.  My 
own  idea  is  that  these  secondary  effects,  which  are  generally  acknowledged 
to  result  from  continual  cold  baths,  are  the  important  part. 

Qualitative  decrease  of  metabolism  (increased  protein  disintegration) 
does  not  come  practically  into  the  question,  for  these  extraordinary 
methods,  which  interfere  with  the  body  heat,  are  not  applied  thera- 
peutically. The  importance  of  individual  variations  cannot  be  too 
strongly  emphasized. 

The  question  of  the  respiratory  mechanism  is  purposely  not  very 
seriously  considered,  for  it  only  bears  on  metabolism  inasmuch  as 
it  produces  increased  muscular  action. 


v.— EFFECT  OP  BATHS  ON  THE  SECRETIONS. 

Cold  baths  increase  the  flow  of  urine  temporarily,  but  with  a  healthy 
circulation  these  variations  are  so  compensated  that  the  total  amount 
for  the  twenty-four  hours  remains  constant.  The  increased  secretion 
depends  upon  the  raised  blood-pressure  due  to  the  cold,  perhaps  also 
on  vasomotor  changes  in  the  calibre  of  the  renal  vessels  (78  to  82). 

With  defective  circulation  cold  baths  may,  by  diuresis,  tend  to  improve 
the  state  of  the  circulation. 

Hot  baths,  of  course,  since  they  promote  sweating,  diminish  the 
renal  excretion,  and  the  amount  of  sweat  may  be  very  considerable — as 
much  as  1  kilogramme  and  more. 

No  very  exhaustive  research  on  the  balance  of  mineral  substances 
has  been  made  beyond  that  of  Idnser  and  Schmid  on  phosphates  (39). 

Strasser  and  Kuthy  (83)  and  Krauss  (84)  have  determined  the  oddity 
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o/  the  urine  after  hot  and  cold  baths.  In  spite  of  using  the  same  method 
(Lieblein's  modification  of  Freund's),  these  observers  came  to  utterly 
contradictory  conclusions.  Krauss  found  that  hot  baths  caused  a  de- 
crease, and  cold  baths  an  increase,  of  acidity ;  Schilling,  as  we  stated 
before,  found  a  marked  increase  of  ammonia  after  cold  baths  without 
simultaneous  increase  of  total  nitrogen  elimination ;  so  Krauss's  result 
should  be  regarded  as  more  reliable  than  the  contrary  observation  of 
Strasser  and  Kuthy.  The  increase  of  ammonia  described  after  hot 
baths  by  Schilling  and  Linser  and  Schmid  is  proportional  to  the  total 
nitrogen. 

In  animals  after  exposure  to  severe  cold  von  Araki  (85)  noted  almost 
constantly  the  appearance  of  attmmin,  augar,  and  lactic  acid  in  the  urine. 
He  explains  this  as  the  result  of  incomplete  oxidation,  regarding  these 
bodies  as  intermediate  products  of  metabolism. 

Sugar  and  lactic  acid  only  occur  with  rapid  and  excessive  cooling, 
and  are  not  met  with  in  actual  practice. 

Albumin  is  commonly  met  with  after  cold  baths  as  an  occasional 
occurrence  in  certain  persons  predisposed  to  it — ^for  instance,  in  the 
cyclical  albuminuria  of  adolescence  [Rem  Picci  (86)]. 

Paroxysmal  hcBmogldbinuria  is  well  known  to  occur  after  cold  and  cold 
baths.  Naturally,  perhaps,  certain  hemolysins  are  blamed  for  the 
condition.  Donath  (87)  gives  a  full  survey  of  the  subject,  and  from  his 
own  researches  and  those  of  others  he  considers  that  hsBmolysis  is  neither 
to  be  regarded  as  the  direct  result  of  cold  on  the  erythrocytes,  nor  as 
some  mechanical  injury  to  them,  but  that  it  is  much  more  likely  to 
depend  on  some  h8emol3rtic  property  imparted  to  the  plasma  by  cold. 

Several  French  authorities  have  described  Bouchard's  urotoxic 
quotiesU  as  greatly  raised  after  cold  baths  in  acute  infections  [Boque  and 
Weil  (88),  Igekanz  and  D^hon  (89)]. 

The  secretion  of  sweat  is  of  much  more  moment  than  that  of  the 
urine  secretion,  for  it  forms  the  first  line  of  defence  in  physical  regula- 
tion against  heat.  The  amount  excreted  may  be  very  large  if  not  checked 
artificially,  and  the  output  can  be  so  easily  balanced  by  increased  intake 
that  even  after  the  long-continued  application  of  '*  sweating  processes  " 
the  body-weight  does  not  fall. 

The  excretion  of  organic  substances  and  salts  in  the  sweat  has  been 
repeatedly  investigated.  Varying  quantities  of  salts,  especially  chlorides, 
are  excreted.  Camerer  (90),  the  latest  observer,  found  in  100  grammes 
of  dried  substance :  ash,  60-60  grammes ;  fat,  10  grammes ;  nitrogen, 
10  grammes ;  and  of  the  nitrogen  34  per  cent,  was  urea  nitrogen  and 
7-5  per  cent.  NH,  nitrogen. 

Magnus-Levy  found  a  little  uric  acid  in  the  sweat  of  healthy  persons  ; 
this  was  absent  from  that  of  gouty  subjects. 

The  freezing-point  of  the  sweat  Strauss  found,  as  a  rule,  below  — 0-39*^ 
less  than  that  of  blood-serum. 

In  kidney  disease  both  nitrogenous  and  inorganic  bodies  seem  capable 
of  being  excreted  in  the  sweat  in  increased  quantities.  Leube  was  able 
to  demonstrate  urea  in  crystals  on  the  skin.  More  recently,  von  Noorden 
(91)  and  Kdhler   (92)  estimated  the  nitrogen  in  the  sweat  of  kidney 
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diseases,  and  the  latter  found  fairly  considerable  nitrogen  values.  Strauss 
(93,  94)  found  the  freezing-point  much  more  often  lowered  in  these  oases 
than  in  health,  and  especially  so  in  the  chloride-free  portion.  Arguing 
directly  from  this,  he  recommended  the  use  of  ''  sweat  processes,"  with 
free  water-drinking,  as  a  remedy  for  ur»mia.  He  advanced  a  hypo- 
thesis concerning  the  importance  of  chloride  retention  in  the  production 
of  cddema,  stating  that  for  renal  dropsy  sweating  should  only  be  allowed 
provided  the  sweat  contains  at  least  0*6  per  cent,  of  NaCl. 

Bendiz  (95)  made  some  interesting  observations  on  the  freezing-point 
of  the  blood.  He  could  neither  alter  it  in  healthy  men  by  sweating, 
nor  could  he  prevent  the  alteration  in  double  nephrectomized  dogs  by 
this  means,  for  it  occurred  to  him  that  the  increase  of  the  cryoscopic  A 
of  the  blood,  which  occurs  pathologically  in  renal  disease,  might  be 
restored  to  normal  by  sweating. 

Very  extreme  sweat  processes  may,  as  Leube  (96)  first  showed, 
cause  iidbumin  to  pass  out  in  very  small  amounts  in  the  sweat ;  at  any 
rate,  traces  can  be  found  in  the  sweat  in  many  cases  of  nephritis. 

Drugs  such  as  mercury  and  iodine  may  reappear  in  the  sweat.  Keller- 
mann  (97)  recently,  using  a  new  and  well-tested  method,  has  shown 
that  the  amount  of  iodine  excreted  in  the  sweat  is  negligible  compared 
with  that  in  the  urine.  Arloing  (98)  and  Mavroyanis  have  described 
various  toxic  substances  both  in  the  sweat  and  urine. 

Very  little  work  has  been  done  on  the  effect  of  baths  upon  inUsUnal 
secretion.  Kowalski  (99)  claims  to  have  discovered  that  hot  baths 
increase  the  secretion  of  bile  (twelve  hours  measurement).  Short  cold 
douches  only  cause  a  slight  transient  increase,  and  KowaJski  sought  to 
explain  this  as  due  to  deeper  inspiration  and  more  viogrous  contraction 
of  the  diaphragm. 

Penzoldt  (100),  with  reference  to  gastric  secretion,  has  found  that  hot 
poultices  or  packs  always  induce  a  secretion  of  HQ,  while  cold  baths 
delay  its  advent,  and  cause  it  to  disappear  prematurely. 

Finally,  the  acidity  of  the  gastric  juice  during  and  after  vapour  baths 
has  been  investigated.  Simon  (101)  thinks  he  observed  a  marked  decrease 
several  hours  after  the  vapour  bath.  Niether  Edel  (102)  nor  Du  Mesnil 
(103)  were  able  to  confirm  his  observation. 


VI.— LOCAL  EFFECT  OF  BATHS  ON  METABOLISM. 

Having  so  far  treated  only  of  the  general  effects,  the  action  on  cir- 
cumscribed areas  may  now  be  considered.  Local  changes  may  be 
produced  either  by  a  direct  change  in  the  tissues  caused  by  the  tem- 
perature, or  by  some  secondary  changes  dependent  on  ansemia  or  hyper- 
lemia  of  the  part.  This  latter  question  has  had  an  entirely  new  light 
thrown  over  it  by  Bier's  researches.  It  is  known  that  cold  is  capable 
of  great  penetration,  but  that  heat,  since  it  increases  the  blood-flow,  can 
penetrate  less  deeply ;  also  that  various  temperatures  seriously  affect 
the  metabolic  processes,  a  subject  which  has  been  especially  studied 
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in  the  nervous  system.  Biedermann  (104)  refers  the  enormous  increase 
of  reflex  irritability  in  frogs  exposed  to  cold  to  some  change  in  meta- 
bolism, broaching  the  idea  that  there  may  be  a  different  optimum  tem- 
perature for  anabolism  and  kataboUsm. 

Von  Frey  considers  that  the  nerves  of  frogs  kept  in  cold  water  respond 
to  the  constant  current,  not  as  a  direct  effect  of  the  cold,  but  from  some 
alteration  of  metabolism  caused  by  the  cold. 

Verwom  (105)  found  that  cold  led  to  a  storing  up  and  diminished 
consumption  of  oxygen  by  the  ganglion  cells,  while  heat  increased  the 
consumption.  Certain  facts  are  known  about  the  effect  of  temperature 
on  the  muscles — e.g.,  a  change  in  the  contraction  curve  in  the  striped 
muscle  of  cold-blooded  animals  which  Gad  and  Heymann  described, 
and  the  change  of  tonus  in  the  unstriped  muscle,  which  is  increased  by 
cold  and  decreased  by  heat  in  both  warm  and  cold  blooded  animals. 

That  heat  can  accelerate  metabolism  is  shown  by  Penzo's  experiment. 
Penzo  exposed  the  two  ears  of  a  young  rabbit  to  different  temperatures, 
and  found  that  the  hotter  one  grew  the  faster.  Practically,  it  is  much 
more  important  to  know  that  wounds  kept  warm  heal  more  quickly, 
as  Penzo  and  Bier  demonstrated.  This  probably  depends  on  hyper- 
8Bmia  rather  than  heat,  for  liek  (107)  showed  that  division  of  the  cervical 
sympathetic  had  precisely  the  same  effect  on  wounds  of  the  ear  in  rabbits 
[see  also  Bidder  (108)]. 

The  action  of  different  temperatures  on  resorption  is  clinically  im- 
portant in  treatment.  Sassetzky  (109)  and  Kossa  (110)  long  ago  ob- 
served that  heat  applied  locally  promoted  the  absorption  and  action 
of  poison  subcutaneously  injected,  while  cold  acted  as  a  check.  Klapp 
(111)  found  that  when  lactose  was  injected  subcutaneously  or  intra- 
peritoneally  its  absorption  was  retarded  by  cold  and  increased  by  warmth. 

Hypersemia,  again,  is  of  prime  importance  in  this  increased  resorption 
due  to  heat,  for  Klapp  (112),  in  his  laparotomized  animals,  foimd  that 
directly  after  removing  the  animals  from  a  local  hot  bath  the  peritoneum, 
both  visceral  and  parietal,  was  markedly  hyperaBmic.  These  experiments 
explain  the  long-known  good  effects  of  local  hot  baths  on  the  abdominal 
organs.  Bier's  researches  make  it  certain  that  hyperaBmia  can  promote 
not  only  the  resorption  of  fluids,  but  may  assist  in  rendering  soluble  the 
more  solid  exudates. 

So  it  appears  that  by  altering  the  distribution  of  the  blood-stream 
certain  bathing  processes  may  exert  an  influence  upon  the  local  metabo- 
lism. 


VII.— THE  EFFECT  OF  BATHS  UPON  THE  DISTRIBUTION  AND 
GENERAL  STATE  OP  THE  BLOOD. 

This  subject  is  rendered  particularly  complicated  by  the  many  hydro- 
static and  reflex  vascular  factors,  which  affect  both  the  bulk  and  the 
flow  of  the  blood.  To  unravel  the  many  problems  completely  is  a  well- 
nigh  impossible  task     One  most  be  satisfied  with  saying  that,  except 
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for  the  direct  effect  on  the  abdominal  organs  mentioned  above,  there 
seems  to  be  ahnost  a  conflict  between  the  internal  organs,  especially  the 
splanchnic  area,  and  the  integument  for  the  possession  of  the  blood ; 
when  the  one  is  hypersemic,  the  other  is  bloodless.  Though  this,  of 
course,  must  not  be  read  literally  and  without  exception,  still,  we  can  take 
advantage  of  the  fact  by  means  of  baths  to  improve  the  blood-supply 
and  nutrition  of  the  internal  organs,  which  is  so  important  a  matter 
for  their  individual  functions  and  for  metabolism  in  general. 

Not  only  is  the  distribution  of  the  blood  under  the  control,  to  some 
extent,  of  baths,  but  its  general  state  may  be  affected.  Cold,  for  instance, 
has  considerable  influence  over  the  number  of  corpuscles  per  cubic 
millimetre.  But  it  is  quite  certain  that  these  variations  are  quite 
transitory,  and  although  it  is  impossible  to  deny  that  metabolism  is 
somewhat  affected,  the  process  cannot  be  one  of  long  duration. 


Vni.— THE  EFFECT  OF  BATHS  ON  THE  GENERAL  WELL- 

BEING. 

This  is  very  directly  related  to  the  metabolism.  Cold  baths  usually 
have  a  distinctly  refreshing  effect,  while  hot  ones  lasting  for  some  time 
leave  a  feeling  of  fatigue.  The  former  produces  an  inclination  to  muscular 
activity  which  the  latter  certainly  impairs,  and  these  general  sensations 
have  been  verified  by  actual  figures  in  an  ergometric  research  by  Vinay 
and  Maggiore  (113). 

Very  possibly  these  general  feelings  of  briskness  or  fatigue  are 
associated  with  the  muscle-sense  and  with  chemical  heat  regulation. 
As  the  result  of  cold,  the  muscles  prepare  as  it  were  for  defence,  and  severe 
heat  loss  causes  a  forcible  impulse  to  movement ;  on  the  other  hand, 
heat  or  disturbance  produces  a  diminished  capacity  for  work  in  the 
working  organs,  and  as  physical  regulation,  especially  evaporation, 
fails,  so  a  sense  of  fatigue  comes  on,  accompanied  as  a  rule  by  sweating. 

Obviously,  the  secondary  effects  thus  produced  by  far  outweigh  any 
direct  action  on  metabolism,  and  constitute  the  main  effect  of  baths  on 
the  metabolic  processes  in  general.  So  that  the  problem  becomes  almost 
entirely  one  of  variations  in  the  individual  for  which  exact  tests  and 
analyses  can  scarcely  be  conceived. 
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CHAPTER  X 
METABOLISM  IN  DISEASES  OF  THE  DUCTLESS  GLANDS 

By  ADOLF  MAGNUS-LEVY. 
Translated  by  T.  J.  Hordbb,  B.So.,  M.D.,  F.B.C.P. 

I.— DISEASES  OP  THE  THYROID  GLAND. 

The  influence  exerted  by  the  thyroid  gland  on  tissue  metabolism 
has  been  demonstrated  by  observations  made  when  this  organ  is 
diseased.  When  the  thyroid  fails  in  its  function,  there  is  a  marked 
reduction  in  the  total  tissue  changes  throughout  the  body ;  when  its 
function  is  carried  on  to  excess,  there  is  a  considerable  rise  in  the  total 
tissue  changes.  The  disturbance  manifested  in  diseased  conditions  of 
the  thyroid  is  chiefly  qualitative ;  it  is  quantitative  to  a  less  degree. 
Perhaps  excepting  the  muscles,  no  organ  exercises  so  large  an  influence 
upon  the  body  energy  as  does  the  thyroid.  But  although  the  ultimate 
"  division  of  labour  "  in  the  body  is  not  yet  known,  it  is  certain  that  this 
is  not  the  only  instance  of  the  dependence  of  the  tissues  upon  the  function 
of  a  small  gland.  So  great  is  the  change  wrought  upon  metabolism  when 
the  thyroid  is  diseased,  that  it  is  reasonable  to  assume  that  this  gland 
has  great  influence  over  metabolic  changes  in  the  healthy  state,  though 
this  is  at  present  incapable  of  proof.  We  are  not  able  to  refer  the  changes 
in  the  metabolism  of  the  resting  state,  whether  studied  in  one  person  or 
in  a  set  of  persons,  to  the  thyroid.  Variations  in  the  physiological 
activity  of  the  thyroid  are  as  yet  unknown.  In  the  healthy  we  can 
only  study  the  influence  exerted  by  the  ingestion  of  animal  preparations 
of  the  gland  upon  the  body  metabolism. 

We  shall  first  discuss  myxoddema,  then  the  effects  of  the  administra- 
tion of  thyroid  material  to  the  healthy,  and,  lastly,  the  metabolic  devia- 
tions which  occur  in  Graves'  disease. 


A.— MTXaSDEMA. 

Under  the  term  "  myxoddema  "  we  shall  include  the  true  myxoedema 
of  adults,  cachexia  strumipriva,  and  infantile  myxcedema  or  sporadic 
cretinism.  The  picture  of  congenital  myxoddema,  based  upon  thyreo- 
aplasia,  is  etiologically  different  from  infantile  and  juvenile  myxcedema. 
To  collect  these  forms  together  under  the  name  *'  sporadic  cretinism  " 
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appears  to  me  permissible  on  account  of  convenience.  Li  all  three 
of  these  groups  of  cases  the  metabolic  disturbances  are  similar.  There 
are,  however,  some  features  distinctive  of  endemic  cretinism  which 
several  authors,  including  Wagner,  von  Jaur^g,  and  myself,  consider  to 
be  closely  allied  to  myzcedema,  whilst  others,  as  C.  A.  Ewald  and 
W.  Scholz,  dispute  the  connection. 


The  Energy  Exchange. 

The  gaseous  exchanges  are  decreased  in  myxoedematous  patients ; 
they  take  little  food  and  yet  they  gain  weight.  (No  accurate  estimate 
of  food  taken  over  a  long  period  appears  to  have  been  made.)  The 
low  degree  of  tissue  changes  during  the  twenty-four  hours  is  explained 
partly  by  the  extraordinary  bodily  torpor  and  the  minimal  activity  shown 
by  the  patient ;  moreover,  the  minimal  requirements  of  the  resting  body 
are  very  small.  They  are  diminished  to  a  degree  not  seen  in  any  other 
chronic  disease.  This  only  holds  for  patients  in  whom  the  disease  is 
well  marked.  Li  four  such  cases  the  oxygen  consumption  fell  to  50  to 
60  per  cent,  of  the  normal.  Li  three  other  cases,  though  the  fall  was 
insignificant,  yet  it  reached  a  point  below  the  normal  minimum  (Magnus- 
Levy).i 
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I  have  had  little  opportunity  of  studying  severe  cases  of  myxoedema 
in  adults ;  but  in  view  of  the  similarities  existing  between  this  disease 
and  cachexia  strumipriva,  it  is  not  unreasonable  to  expect  a  similar 
fall  in  the  minimal  metabolism  in  the  former  as  in  the  latter.  And  it  is 
probable  that  patients  with  severe  endemic  cretinism  will  react  simi- 
larly.* 

The  Energy  Exchanges  during  Treatment 

With  the  cure  of  myxcedema  by  organo-therapy  the  conspicuous 
fall  in  metabolism  disappears.    From  being  about  50  per  cent,  of  the 

^  AndersBon  also  found  low  (X)^  valaes  in  one  severe  caae  studied. 

'  In  rabbits  with  ablated  thyroids,  Maier  observed  diminished  gaseous  exchanges. 
Baldoni  noted  the  same  in  dogs.  In  cats  Smith  could  not  discover  any  changes,  although 
Michaelsen  records  an  increMed  COa  output  (4).  This  was  probably  due,  however,  to 
acute  tetany.  In  other  points  the  conditions  are  notjthe  same  in  animals  with  ablated 
thyroids  as  they  are  in  the  chronic  myxoddema  of  man^(5). 
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normal  it  often  reaches  the  normal,  or,  if  the  administration  of  thyroid 
preparations  be  pushed,  it  may  exceed  the  normal.^  Li  three  cases 
studied  by  Magnus-Levy  the  percentage  increase  in  oxygen  consump- 
tion amounted  to  45,  66  and  72  per  cent,  respectively.  The  curve  of 
increased  oxygen  consumption  rises  slowly  during  treatment,  and,  with 
the  customary  dose  of  one  to  three  tabloids  daily,  reaches  its  height 
in  three  to  four  weeks.  It  remains  at  a  steady  height  as  long  as  a  relapse 
is  prevented.  If  the  treatment  be  suspended,  the  curve  of  oxygen 
consumption  slowly  falls.  In  one  of  my  cases,  after  a  lapse  of  two  or 
three  months,  the  curve  returned  to  the  original  low  level.  A  second 
and  third  period  of  treatment  produces  a  rise  in  the  exchange  of  gases 
simflar  to  the  first. 

In  less  severe  cases  of  myxoedema,  where  the  exchange  of  gases  has 
been  approximately  normal,  treatment  is  followed  by  a  more  moderate 
increase  in  the  exchange — 16  per  cent,  at  most.  These  values  may  be 
also  observed  in  the  non-myxoedematous.  The  high  values  obtaining 
in  the  severe  cases,  and  the  low  values  in  the  milder  cases,  are  easily 
explained.  In  the  former  set  of  patients,  there  being  a  complete  absence 
of  a  substance  which  is  necessary  for  metabolism,  the  result  of  the 
exhibition  of  the  animal  substitute  for  this  substance  is  seen  to  its  full 
extent.  In  the  latter  set  a  certain  amount  of  this  necessary  substance 
is  already  present,  therefore  the  changes  induced  by  addition  of  the 
animal  substitute  are  much  less  marked,  and  the  effect  of  the  treatment 
approximates  more  to  that  seen  in  health. 


The  Protein  Metabolism. 

The  low  state  of  energy  exchanges  corresponds  to  the  low  intake  of 
food  and  the  low  nitrogen  excretion.  The  excretion  of  urea  often 
amounts  to  less  than  20  grammes  urea — i.e.,  8  to  9  grammes  nitrogen. 

If,  as  often  happens  when  a  patient  is  under  observation,  or  investi- 
gations upon  metabolism  are  being  undertaken,  the  food  intake  is  in- 
creased, nitrogen  becomes  easily  stored  up  (3).  This  is  readily  understood 
if  the  experiment  takes  place  during  a  period  of  retrogression.  It  was 
so  with  one  of  my  patients  during  a  second  series  of  investigations.  With 
a  daily  consumption  of  8  to  10  granmies  of  nitrogen  and  33  calories  per 
kilogramme,  in  twenty-six  days  46*6  grammes  nitrogen  (1'7  grammes 
per  diem)  were  stored  up,  and  the  patient  gained  2-7  kilogrammes  in 
weight.  In  another  series  of  observations,  with  the  same  number  of 
calories  ingested,  there  was  a  retention  of  only  0*4  gramme  nitrogen 
daily.  It  is  likely  that  part  of  the  nitrogen  is  stored,  not  in  the  cells 
themselves,  but  in  the  tissues  through  which  the  morbid  juices  pass. 
When  a  liberal  diet  is  continued,  the  output  of  nitrogen  will  probably 
equal  the  intake ;  otherwise  the  increase  of  weight  would  go  on  con- 
tinuously. 

During  the  exhibition  of  thyroid  preparations  the  metabolism  of 

i  In  AndersBon'B  work  no  figures  are  included.  In  the  obionio  myxoodema  which 
occurs  m  ablated  rabbits,  Maier  found  an  increase  from  the  lowered  minimal  exchange 
after  the  administration  of  thyroid  gland  substance. 
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protein  is  radicaUy  changed.  Mendel's  patient  before  treatment  ex- 
creted 14*3  grammes,  and  during  treatment  20  to  36  grammes  of 
urea  daily.  A  patient  of  Zumbusch  excreted  16  grammes  before  treat- 
ment, and  during  five  successive  weeks  of  the  cure  excreted  an  average 
of  18,  40,  33,  30  and  58*6  grammes  per  diem  respectively.  But  in  both 
these  patients,  as  in  the  case  reported  by  Napier,  the  diet  was  not  fully 
analjrzed  (6).  Such  observations  are  thought  to  show  that  an  "  enormous 
increase  of  protein  metabolism "  takes  place  in  myxoedema.  But, 
critically  examined,  the  figures  of  these  authors  only  show  that,  given 
an  increased  appetite,  there  is  an  increased  intake  of  food  and  a  corre- 
sponding increase  in  food  combustion.  Properly  conducted  exjieriments, 
made  immediately  before  the  treatment  and  after  its  commencement, 
demonstrate  that,  upon  the  aame  diei,  there  is  a  loss  of  nitrogen  (6). 
Ord's  patient  before  treatment  ingested  9*46  grammes  of  nitrogen  daily 
and  excreted  7*3  grammes,  whereas  during  the  first  four  weeks  of  treat- 
ment she  excreted  an  average  of  12*08  grammes,  with  an  intake  of  9*3 
grammes.  It  should  also  be  mentioned  that  the  losses  are  greater 
during  the  b^inning  of  the  treatment.  In  one  of  my  cases  the  first 
nine  days  showed  losses  of  1*1,  0*3,  10,  2*7,  1*8,  3*3,  2*9,  1*6,  and  2*9 
grammes  respectively.  In  another  series  of  observations,  upon  a  patient 
who  lost  28  grammes  of  nitrogen  and  1*9  kilogrammes  of  weight  during 
nineteen  days,  the  losses  diminished  towards  the  end  of  the  treatment, 
despite  an  increase  in  the  amount  of  thyroid  extract  given.  Still  greater 
increase  in  nitrogen  loss — 7  to  9  grammes  daily — ^were  seen  in  a  case 
studied  by  Widal  and  Java!,  where,  as  a  result  of  failure  of  appetite, 
the  consumption  of  milk  fell  from  3  to  2  litres  daily.  The  output 
of  nitrogen  can  be  diminished,  but  not  quite  abolished,  if  the  total 
intake  of  calories  [Magnus-Levy],  or,  better  still,  the  intake  of  protein 
[Andersson],  is  increased. 

A  part  of  the  excreted  nitrogen,  but  only  a  part,  is  derived  from  the 
morbid  material  present  in  the  tissues,  for  this  disappears  after  a  time. 
In  only  a  few  cases  have  the  early  nitrogen  losses  been  absent  at  the 
b^inning  of  treatment,  as  Ewald  and  Breisacher  (7).  But  Ewald 
admits  that  during  this  period  of  the  treatment  the  disease  was  not 
influenced.  We  may  therefore  consider  him  to  have  been  deahng 
with  nitrogenous  equilibrium  in  a  patient  whose  morbid  condition  per- 
sisted. Moreover,  in  a  child  aged  two  and  a  half  years,  a  sporadic  cretin 
under  the  care  of  Houghhardy  and  Langstein,  it  is  stated  that  four  weeks 
after  the  commencement  of  treatment  nitrogen  was  retained.  This, 
again,  is  not  opposed  to  the  above  facts,  for  in  this  case  no  investigations 
were  undertaken  during  the  early  weeks  of  treatment.  The  fact  that  a 
month  after  treatment  was  begun  the  child,  already  benefited  and  grow- 
ing, should,  with  an  increased  intake  of  protein,  retain  nitrogen  is  as 
little  remarkable  as  that  a  myxcedematous  patient,  during  the  later  weeks 
of  convalescence,  should  use  and  increase  his  musculature.  Only  the 
endemic  cretins  observed  by  W.  Scholz  showed  no  great  changes  in  the 
protein  metabolism  when  their  thyroid  dosage  was  increased  to  8  tabloids 
daily.  But,  according  to  Scholz,  probably  no  essential  difference  exists 
between  myxoedema  and  endemic  cretinism  (7). 
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Individual  Nitrogenous  Constftuents  of  the  Urine. 

The  kataboUsm  of  protein,  and  especially  urea  formation,  proceed 
regularly  in  myxoedema.  Ord  and  White  found  that  80  to  86  per  cent, 
of  the  nitrogen  excretion  occurred  as  urea;  Haushalter  and  Gu6rin 
found  it  to  be  85  to  87  per  cent. ;  Widal  and  Javal,  92  to  96  per  cent. ; 
Houghhardy  and  Langstein,  81  to  84  per  cent.  The  nitrogen  excreted 
as  ammonia  in  sporadic  cretinism  amounted  to  4  to  6  per  cent.  [Magnus- 
Levy,  Houghhardy  and  Langstein],  and  much  the  same  figures  were 
seen  in  the  endemic  form  of  the  disease  [W.  Scholz].  A  true  acidosis 
apparently  does  not  occur.  Uric  acid  was  several  times  found  to  be 
abnormally  low.  Mosler  records  0*1  gramme ;  Magnus-Levy  and  Scholz, 
0*3  gramme  (corresponding  to  1  per  cent,  total  nitrogen) ;  Haushalter 
and  Gu^rin,  on  the  other  hand,  found  that  2*6  per  cent,  of  the  total 
nitrogen  was  excreted  as  uric  acid.  The  amino-acid  fraction  is  not 
larger  than  in  health  [Houghhardy  and  Langstein].  W.  Scholz  found 
increased  xanthin  bases  upon  one  occasion  in  endemic  cretinism.  The 
low  creatinin  excretion  (0*27  to  0*59  gramme)  corresponded  with  the 
low  weight  of  this  observer's  patients  and  with  the  low  intake  of  meat 
foods  (8).  Treatment  by  thyroid  preparations  does  not  alter  the  pro- 
portions of  nitrogen  distribution  to  any  extent ;  the  authors  already  men- 
tioned found  similar  figures  during  the  administration  of  the  drug.  Only 
in  the  case  of  uric  acid  W.  Scholz  found,  in  two  out  of  three  cases, 
almost  complete  disappearance  of  this  substance  under  treatment,  the 
diet  remaining  the  same  (8). 

The  quatUity  of  urine  is  small,  often  less  than  1,000  c.c.  daily.  This 
probably  depends  upon  the  small  amount  of  the  total  solids  present. 
During  treatment  the  amount  increases,  but  not  for  any  length  of  time, 
unless  more  fluid  is  taken.  During  the  first  week  or  two,  however,  the 
disappearance  of  watery  myxoedematous  deposits  and  the  albuminous 
losses  from  certain  tissues  give  rise  to  a  slight  increase  of  water ;  with  a 
diet  and  intake  of  fluid  absolutely  the  same  as  before  treatment,  the 
quantity  of  urine  rises.  This  obtains  also  for  the  exhibition  of  thyroid 
extract  apart  from  myxoadema  (9).  It  is  only  temporary,  and  usually 
amounts  to  about  100  c.c.  per  diem.  Li  a  case  of  mine  it  rose  300  c.c. 
on  the  first  day  and  200  c.c.  on  the  second.  It  soon  returns  to  normal, 
especially  as  after  a  certain  time  the  increased  action  of  the  skin  takes 
a  certain  amount  of  the  available  water.  In  some  cases  there  is  no 
increase  in  the  urine  when  the  fluid  intake  remains  the  same  [Byrom 
Bramwell  in  myxoedema,  Th.  Pfeiffer  and  W.  Scholz  in  other  diseases  (9)]. 
Every  pronounced  and  continued  increase  of  urine  presupposes  an  increase 
of  fluid  ingested.  That  in  such  cases  the  polyuria  is  primary  is  evident 
from  the  fact  that  in  spite  of  increased  fluid  taken,  both  in  the  myxoede- 
matous  and  in  persons  with  healthy  thyroids,  thirst  is  frequently  present 
during  the  administration  of  thyroid  extract. 
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Sweat  Fonnatioii. 

In  myzoadema,  even  when  the  body  is  exposed  to  great  heat,  no 
sweat  appears ;  this  feature  is  very  characteristic.  Of  course,  a  certain 
degree  of  invisible  sweating  may  occur.  It  is  interesting  to  notice  that 
the  appearance  of  sweat  on  the  surface  of  the  body  is  nearly  always  the 
first  sign  of  improvement.  It  often  appears  within  a  few  days  after 
treatment  has  been  commenced. 

Various  Urinary  Constitttents. 

Albumin  occurs  in  the  urine  in  20  per  cent,  of  cases.  In  one  case, 
observed  by  Byrom  Bramwell,  the  form  of  the  protein  present  was  serum 
globulin — ^there  was  no  serum  albumin  (10).  In  another  case  the  same 
observer  found  ''  a  good  deal  of  peptone  "  in  the  urine.  Nucleoprotein 
was  observed  in  a  case  by  6u6rin.  It  should  be  remarked  that  in  animals 
thyroidectomy  frequently  leads  to  albuminuria  and  acute  nephritis. 
But  it  must  be  remembered  that  in  man  albuminuria  is  not  always  a  sign 
of  serious  organic  kidney  disease.  In  long-standing  cases  of  myxcddema 
albuminuria  is  sometimes  found  to  disappear  quickly  and  permanently  as 
the  result  of  organo-therapy.  It  would  seem,  therefore,  that  in  the  course 
of  the  abnormal  metabolism  occurring  in  athyroidism  substances  are 
produced  which  irritate  the  kidneys  without  leading  to  a  definite  in- 
flammation of  these  organs.  But  in  a  true  nephritis,  whether  myzcddema 
be  present  or  not,  neither  the  albuminuria,  nor  the  usual  proportion 
existing  between  the  serum-albumin  and  the  serum-globulin  excreted, 
nor  the  oedema,  can  be  influenced  in  any  way  by  thyroid  feeding  [Diebella 
and  Dlyes  (10)]. 

The  occurrence  of  sugar  in  the  urine  will  be  dealt  with  later. 

Certain  Salts. — ^The  chlorine  excretion  may  increase  during  treatment, 
as  in  the  patient  of  Ord  and  White,  in  whom  it  rose  from  1-7  to  2-1 
grammes  per  diem.  Such  small  amounts  of  increase  as  this  may  be 
derived  from  the  disappearing  pathological  deposits  present  in  the  body. 
These  same  authors  also  observed  a  slight  increase  in  the  excretion  of 
phosphoric  acid.  In  my  patient  (2a),  the  diet  being  unaltered — although 
this  diet  was  not  analyzed  with  regard  to  the  ash  present — the  total 
excretion  of  calcium,  potassium,  and  magnesium  remained  nearly  the 
same  after  as  before  treatment.  The  only  thing  noticed  was  that  the 
amount  of  calcium  excreted  in  the  faeces  increased  at  the  expense  of  that 
in  the  urine.  A  similar  observation  was  also  made  by  W.  Scholz  (3)  in 
two  cases  of  sporadic  cretinism.  The  explanation  of  this  fact  is  not  very 
clear,  especially  as  Scholz  observed  (in  the  same  patient)  that  the  acidity 
of  the  urine  was  much  increased  during  the  stage  of  treatment.^  In  other 
conditions  an  increase  in  the  acidity  of  the  urine  goes  hand  in  hand  with 
an  increase  of  calcium  excreted. 

1  But  this  increase  of  acidity  does  not  always  occur.  Scholz  found  it  acain  in  a 
stnimouB  boy,  but  I  did  not  find  it  in  a  senile  cretin,  nor  in  an  elderly  myxoBaematous 
patient,  nor  in  a  boy  whose  thyroid  was  healthy.  Nor  is  tiie  transfer  of  calcium  aboye 
referred  to  always  obseryed. 
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Houghhardy  and  Langstein's  observationB  upon  the  retention  of 
calcium  and  phosphorus  in  a  case  of  infantile  myzoedema  are  difficult 
of  criticism,  because  the  investigation  was  undertaken  in  a  growing 
child  and  with  a  changing  diet.  I  will  only  mention  the  fact  that  after 
treatment  for  four  weeks  with  pronounced  phosphorous  retention  rela- 
tively more  phosphorus  was  excreted  in  the  fseces  than  was  the  case 
before  treatment  was  commenced.  Moreover,  the  comparatively  marked 
retention  by  the  body  of  calcium  in  this  case  was  probably  explained 
by  that  growth  of  the  bones  which  usually  takes  place  in  young  cretins 
under  treatment.  The  observation  of  Calabresi,  who  not^  an  increase 
in  the  excretion  of  chlorine  and  phosphoric  acid  during  treatment  of  a 
myxoddematous  patient,  I  have  been  unable  to  verify  in  the  original. 

The  Degree  of  Food  Absorption. 

This  is  generally  normal  (7,  8).  Upon  rare  occasions,  despite  the 
presence  of  constipation,  a  lowered  absorption  is  noticed.  Vermehren  (3) 
observed  a  loss  of  20  per  cent,  of  nitrogen  by  the  fseces,  and  Andersson  (2) 
observed  defective  absorption  as  regards  nitrogen  and  fat.  In  such 
cases  the  absorption  improves  with  treatment.  Barely  or  never  does 
a  diminished  absorption  obtain  with  thyroid  administration. 

The  Blood. 

Li  about  half  the  cases  the  number  of  red  cells  is  diminished,  usually 
only  to  a  sUght  extent — i.e.,  to  three  to  four  millions ;  rarely  to  two  mil- 
lions or  less  [Buschan].  The  haemoglobin  is  sometimes  diminished  to  a 
greater  degree  in  proportion.  But  now  and  again  high  figures  are  found 
for  both  of  these  constituents  of  the  blood.  I  have  foimd  as  many  as 
5,600,000  red  ceUs  and  97  per  cent,  of  haemoglobin.  It  may  have  been 
in  such  cases  as  these  last  mentioned  that  Schneider  found  the  specific 
gravity  of  the  blood  increased.  In  thyroidectomized  animals  a  fall  in 
the  hsmoglobin,  in  the  red  cells,  and  in  the  oxygen  affinity  of  the  blood, 
often,  if  not  always,  obtains  (11).  Abnormalities  in  the  size  of  the  red 
cells  are  rarely  found.  Lebreton  and  Kraepelin  found  them  increased 
to  10  metres  in  diameter.  EhrUch  found  their  size  diminished  in  sporadic 
cretinism,  and  Gottstein  noted  a  similar  change  in  a  case  of  tetany 
associated  with  disease  of  the  thyroid.  With  treatment  these  morbid 
changes  tend  to  disappear,  and  in  other  respects  also  the  condition  of  the 
blood  improves. 

It  is  certain  that  a  definite  relationship  exists  between  the  thyroid 
gland  and  the  hsemopoietic  tissues  ;  indeed,  this  relationship  was  for  some 
time  considered  to  indicate  the  only  function  of  the  thyroid.  But  the 
main  affinities  existing  between  these  organs  are  exercised  indirectly, 
and  are  not  demonstrable  by  experiment.  The  observation  of  Zteas, 
Bardeleben,  and  others  that  a  vicarious  enlargement  of  the  spleen  takes 
place  after  thyroidectomy  has  been  disproved  (12).  Nor  \b  there  any 
confirmation  of  the  statement  made  by  Zanda  that  the  poison  which  acts 
in  the  body  after  thyroidectomy  orginates  in  the  spleen,  and  that  therefore 
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the  extirpation  of  this  latter  organ  should  do  away  with  any  need  for 
thyroidectomy.  Extirpation  of  the  ovaries,  or  of  the  testes,  has  been 
shown  to  have  no  influence  upon  cachexia  strumipriva  in  animals.  The 
relationship  existing  between  the  thyroid  and  the  pituitary  body  is 
probably  much  closer,  for  the  latter  gland  has  been  found  to  enlarge  in  a 
few  cases  of  thyroidectomy  (12a).  But  the  administration  of  pituitary 
extract  cannot  take  the  place  of  thyroid  extract  in  the  treatment  of 
myxGBdema. 

The  So-eaOed  "  Muein  "  of  Myxosdema. 

The  characteristic  doughy  swelling  of  the  subcutaneous  tissues 
which  occurs  in  myxcedema,  and  which  is  so  different  from  ordinary 
cadema,  was  explained  by  early  investigators  [Stevenson  and  Halli- 
burton (13)]  by  the  presence  of  quantities  of  mucin  in  the  tissues. 
These  observers  found,  though  not  always,  that  in  man  and  in 
thyroidectomized  monkeys  a  larger  amount  of  mucin  was  present 
than  in  health,  especially  in  the  skin,  salivary  glands  and  tendons. 
West  also  found  increased  quantities  in  the  subcutaneous  tissues.  Harley 
attributes  the  increase  of  mucin  in  various  organs  to  the  increase  in  their 
connective  tissues.  A  piece  of  skin  excised  by  Jurgens  showed  a  striking 
degree  of  ^'sliminess"  on  examination.  On  the  other  hand,  Hunn 
and  Prudden  found  the  percentage  of  mucin  in  the  skin  to  be  normal.^ 
Lebreton  failed  to  find  mucin  in  the  blood  of  his  patients  (13).  American 
authors  take  the  view  that  the  altered  consistency  of  the  subcutaneous 
tissue  is  merely  due  to  the  fact  that  ordinary  cedema  fluid  is  disposed 
in  a  different  manner  in  myxcddematous  patients  and  in  cases  of  oedema 
proper — viz.,  in  myxoddema  it  lies  in  the  deeper  and  tense  parts  of  the 
connective  tiusse.  Finding  mucin  in  the  secretions,  in  gastric  juice, 
and  in  the  urine  scarcely  proves  anything  [Buzdygan,  Jurgens ;  Byrom 
Bramwell  in  one  case  found  enormous  quantities  in  the  urine  at  the 
beginning  of  treatment],  for  catarrhal  conditions  are  here  veiy  Ukely  to 
complicate  matters. 

The  nature  of  this  substance,  termed  ''  mucin,"  is  not  definitely 
settled.  Boumeville  (13)  examined  the  reducing  power  of  the  material 
after  boiling,  and  found  this  absent.  Although  authors  are  not  imanimous 
as  to  the  increase  of  a  substance  precipitated  by  acetic  acid,  still  the  posi- 
tive findings  in  this  respect  are  important.  Leaving  out  of  account  a  few 
high  values  found  in  the  examination  of  tendinous  structures,  it  is  worthy 
of  notice  that  this  substance  appears  in  organs  where  it  is  absent  in  health. 
Halliburton  found  it  in  the  blood  of  thyroidectomized  monkeys,  and — of 
more  importance — ^in  the  parotid  (up  to  3  per  cent.),  in  which  gland  there 
is  no  trace  in  healthy  animals.  Munk  also  proved  in  Mendel's  case  (6) 
the  existence  of  mucin  in  parotid  secretion.  In  some  cases,  therefore, 
it  is  clear  that  a  pathological  change  in  the  chemical  composition  of  the 
tissues  can  be  demonstrated,  and,  judging  by  the  few  investigations  made 
upon  this  subject  up  to  date,  this  is  a  change  which  does  not  occur  in 
other  diseases  to  anything  Uke  the  same  degree  [Halliburton  (13)]. 

^  The  absence  ol  mncin  might  in  some  cases  be  due  to  the  fact  that  when  the  disease 
has  been  of  Ions  duration,  and  is  fatal,  the  myzoddematous  feature  disappears.  This  has 
been  proved  wiUi  certainty  in  soYeral  oases. 
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B.— RESULTS  OF  THTROD)  FEEDING  IN  THE  NON- 
MYXCEDEMATOUS. 

The  administration  of  thyroid  extract  to  patients  who  have  no 
symptoms  of  myzcedema  causes  changes  in  metabolism  which  are  of  a 
similar  kind  to  those  already  dealt  with,  but  these  changes  are  less  in 
degree.  By  the  study  of  these  patients  whilst  under  treatment  an  effort 
has  been  made  to  find  solutions  to  some  theoretical  problems,  and  in 
particular  to  trace  the  course  of  the  changes  in  the  various  constituents 
of  the  body  tissues.  Of  special  interest  is  the  problem  of  the  increase  of 
total  oxidation  in  the  obese. 


The  Nitrogen  Metabolism. 

This  was  found  to  be  altered  in  nearly  all  cases  observed  when 
medicinal  doses  of  thyroid  extract  were  used.  Many  observations  have 
been  made  upon  non-obese  (14)  and  upon  obese  (16)  patients.  The 
relative  alteration  in  the  nitrogen  metabolism  may  amount  to  a  loss  of 
6  grammes  per  diem  on  an  average  [Zinn].  Jacquet  and  Svenson  found 
it  rise  as  high  as  7  grammes  in  one  day.  The  losses  are  generally  smaller 
than  this,  and  they  are  found  to  diminish  after  prolonged  use  of  the  drug, 
especially  in  the  obese  [Magnus-Levy,  Schiodte,  and  particularly  Dennig]. 
If  the  diet  has  been  ample  before  the  observations  were  begun,  and  nitrogen 
has  been  on  this  account  stored  up,  then  no  absolute  loss  of  nitrogen 
may  follow  the  administration.  Nevertheless,  even  in  these  cases  an  ap- 
preciable diminution  in  the  nitrogen  gain  by  the  body  has  been  observed 
[W.  Scholz,P.  P.Richter,Th.  Pfeiffer  andW.  Scholz,  Zinn].  Compared  with 
the  myxGBdematous  individual,  it  may  be  said  that  the  relative  nitrogen 
losses  are  smaller  in  amoimt  and  shorter  in  duration  in  the  non-myxoede- 
matous.  But  in  both  conditions  the  gradual  effect  of  the  thyroid  action 
on  the  nitrogenous  exchange,  and  its  persistence  after  the  administration 
has  been  stopped,  are  very  noticeable.  It  cannot  be  admitted  that  the 
protein  metabolism  of  the  obese  is  disturbed  to  a  greater  degree  than  in 
healthy  patients,  for  a  careful  analysis  of  the  observations  made  upon 
the  two  groups  does  not  confirm  this  view.  In  each  group  some  indi- 
viduals show  greater  differences  in  the  degree  of  their  reaction  to  the 
treatment  than  others,  and  it  is  difficult  to  find  satisfactory  causes  for 
these  individual  differences.  It  should  be  remembered,  however,  that 
the  non-obese  in  these  experiments  generally  received  a  full  diet,  whereas 
in  one  case  at  least — that  studied  by  Zinn — an  obese  patient  only  received 
a  third  to  a  half  of  the  total  diet  necessary  for  purposes  of  comparison. 
And  as  it  happened  that  now  and  again  in  the  obese  the  nitrogen 
losses  were  not  larger,  but  were  even  smaller,  than  in  persons  of  a  normal 
build,  it  follows  that  the  obese  are  no  more  prone  to  protein  destruction 
as  the  result  of  th3rroid  treatment  than  persons  with  less  rich  reserves 
of  material.  In  the  two  obese  women  observed  by  Magnus-Levy  and 
Schiodte,  who  took  the  gland  tissue  without  any  ill-effects  for  several 
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weeks  at  a  time,  the  nitrogea  loeseo — at  least,  in  the  later  period  of  the 
treatment — ^were  exceedingly  small  (14,  15). 

According  to  Vermehren,  elderly  patients  (over  fifty  years  of  age) 
show  a  greater  increase  in  their  protein  metabolism  as  a  result  of  thyroid 
treatment  than  yomiger  patients  (especially  children).  This  is  attributed 
to  an  assumed  diminution  in  fimction  of  the  thyroid  as  age  advances. 
Yet  young  patients  are  sometimes  found  to  lose  comparatively  much 
nitrogen,  and  septuagenarians  comparatively  little  [T.  Pfeiffer  and 
W.  Scholz  (15)].  Georgiewsky  observed  that  young  dogs  reacted  to 
thyroid  extract  more  markedly  than  old  ones  (16). 

Other  Diseases. — Observations  made  upon  patients  suffering  from 
simple  goitre,  osteomalacia,  acromegaly,  sarcoma  of  thyroid,  tuberculous 
pleurisy,  or  paralysis  agitans,  have  yielded  results  which  do  not  differ 
appreciably  from  those  obtained  in  healthy  persons  (17).  When  a 
cachectic  condition  is  present,  thyroid  treatment  causes  nitrogen  losses 
which  are  specially  high  [Schiff,  David  (17)].  Concerning  the  influence 
of  thyroid  treatment  upon  patients  suffering  from  parenchymatous 
nephritis,  see  p.  988. 

The  influence  of  thyroid  feeding  upon  protein  metabolism  is  a  direct 
one — that  is  to  say,  it  is  largely  independent  of  diet.  It  does  not  disprove 
this  view  of  the  action  of  thyroid  preparations — ^that  with  an  increased 
number  of  calories  ingested  the  nitrogen  loss  can  be  sometimes  avoided 
[W.  Scholz,  P.  F.  Richter,  and  other  authors].  For  in  these  cases  the 
amount  of  protein  previously  stored  becomes  less,  and  there  is  an  equiva- 
lent fall  in  the  amount  of  nitrogen  lost  to  the  body.  It  is  significant, 
too,  that  protein  loss  occurs  with  thyroid  treatment  even  when,  upon  a 
diet  rich  in  fat,  storage  of  fat  takes  place  pMtz  Voit  in  dogs  (18)].  It 
is  tempting  to  attribute  the  increase  in  nitrogenous  metabolism  to  the 
increase  of  total  oxidation  present ;  but  in  some  cases  the  former  is  alto- 
gether absent,  as  in  the  obese  female  patient  whom  I  investigated,  and 
when  the  increase  of  nitrogen  loss  does  take  place  it  only  becomes  appre- 
ciable by  the  third  or  fourth  week,  whereas  the  change  in  the  total  oxida- 
tion processes  is  usually  most  marked  during  the  first  week.  In  support 
of  this  view  of  things,  the  observation  of  Andersson  and  P.  Bergmann  (18) 
may  be  adduced :  that  the  excretion  of  nitrogen  upon  the  second  day 
of  starvation,  with  the  administration  of  iodothjrrin,  in  spite  of  an  un- 
altered excretion  of  CO,,  rose  from  10-4  to  14-7  grammes  (i.e.,  more  than 
the  usual  increase  on  the  second  day  without  the  administration  of  the 
drug).  Moreover,  experiments  upon  nitrogen  starvation  (i.e.,  in  ex- 
clusive fat  and  carbohydrate  diet)  are  in  favour  of  this  view  [Andersson]. 
Although  a  larger  increase  of  calories — and  especially  of  protein — 
ingested  during  the  continued  use  of  thyroid,  causes  diminution  in  an 
existing  loss  of  nitrogen,  it  does  not  altogether  abolish  it  [Magnus-Levy 
and  Andersson  in  myxcedema ;  Bleibtreu  and  Wendelstadt  in  the  obese, 
with  one  good  control  investigation ;  Schiodte  (18)].  But  it  is  not 
possible  to  analjrze  all  these  experiments  individually  in  this  place,  which- 
ever way  the  results  might  tell. 

Schondorf,  from  his  experiments  on  dogs,  considers  that  a  true 
loss  of  protein  only  occurs  with  great  loss  of  flesh.    This,  however,  is 
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certoinly  not  the  case  in  man.  It  is  possible  that  during  the  first  few 
days  of  the  nitrogen  loss  an  increased  excretion  of  nitrogenous  extractives 
(which  alone  were  investigated  by  this  author)  plays  a  certain  part. 
But,  on  the  other  hand,  the  sulphur  and  phosphorus  excretion  is  often 
increased,  and  it  is  therefore  certain,  whatever  the  cause  may  be,  that 
protein  must  have  been  lost  also.  Whether  *'  thyrotoxin  "  has  a  special 
affinity  for  certain  organs,  or  whether  its  katabolic  action  is  exerted 
upon  a  form  of  protein  in  the  body  which  is  more  labile  and  physiologically 
of  less  importance  than  the  rest,  cannot  at  present  be  decided. 

The  Nitrogen  Distribution  in  the  Urine. 

This  is  as  little  altered  by  the  exhibition  of  thyroid  extract  as  it  was 
seen  to  be  in  myxcBdema.  Only  Israi,  Vas  and  Gara  have  noticed  a 
temporary  increase  of  uric  acid,  and  Dennig  found  a  small  increase  of 
the  urea  nitrogen  (an  observation  also  made  by  Georgiewsky  in  dogs). 
Creatinin  was  noticed  to  be  slightly  increased  by  Th.  Pfeififer  and 
W.  Scholz  (19). 

The  Excretion  of  Salts. 

The  excretion  of  chlorides  rises  in  some  cases  [E.  Boos  in  dogs; 
Ver  Eeke,  Israi,  W.  Scholz  in  man  (1)].  This  rise  is  usually  small,  how- 
ever, and  is  foUowed  by  a  retention  of  chlorine  as  if  for  readjustment. 
In  the  single  starvation  experiment  of  Andersson  more  marked  increase 
was  noticed  (i.^.,  2  to  6  grammes  of  chlorine).  The  increase  was,  on  the 
other  hand,  absent  in  some  cases  studied  by  Pfeiffer  and  Scholz  (20). 
An  increase  of  phosphorus  excretion  has  been  frequently  observed, 
either  in  the  urine  alone  [Boos,  Andersson  and  P.  Bergmann,  Burger, 
H.  Senator],  or,  what  is  better  evidence,  in  both  the  urine  and  fsBces  (20). 
According  to  Pfeiffer  and  Scholz  the  increase  was  absent  after  preceding 
phosphorus  losses.  The  increase  of  phosphoric  acid  in  the  urine  is  some- 
times fairly  considerable — ^more  than  1  gramme,  as  observed  by  Andersson 
and  Bergmann,  and  by  Burger.  In  other  cases  the  increase  appears  to 
take  place  chiefly  in  the  f sdces  [W.  Scholz,  A.  Schiff ].  In  some  instances 
[Ft.  Bichter]  the  phosphorus  increase  has  been  observed  to  be  relatively 
much  higher  than  the  nitrogen  increase,  but  it  is  impossible  to  say  from 
wliich  tissues  this  increase  of  phosphorus  excreted  is  derived,  as  the 
phjrsiological  conditions  are  by  no  means  clearly  defined  (20). 

The  excretion  of  sulphur  frequently  rises  [Th.  Pfeiffer  and  W.  Scholz, 
Georgiewsky],  according  to  Biirger,  as  high  as  60  per  cent.,  or  much  liigher 
than  the  rise  in  nitrogen.  In  a  second  case,  observed  by  Jaquet  and 
Svenson,  less  sulphur  was  excreted  in  the  urine  with  an  increasing  nitrogen 
excretion,  but  this  is  contrary  to  the  usual  occurrence. 

The  absorption  of  food  materials  is  not  altered  in  any  appreciable 
manner  by  thyroid  administration  [values  for  protein,  fat,  and  carbo- 
hydrates are  given  by  L.  Bleibtreu  and  Wendelstadt,  Gluzinski  and 
Lemberger,  Zinn,  Th.  Pfeiffer  and  W.  Scholz,  Magnus-Levy,  Grawitz, 
and  others].  But  rarely  is  a  slight  diminution  noticed  in  the  utilization 
of  ingested  fat  [Jaquet  and  Svenson,  Tikanadse  (21)]. 

ea— 2 
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The  Influence  of  Thyroid  Feeding  upon  Metabolism. 

In  contradistinction  to  what  occurs  in  mjrxoedema — in  which  the 
conditions  are  very  different — ^the  administration  of  thyroid  gland  tissue 
to  healthy  individuals  is  not  regularly  followed  by  any  increase  in  the 
minimal  metabolism.  In  three  obese  patients,  and  in  one  case  of  simple 
goitre,  I  found  it  increased ;  in  five  other  cases  there  was  no  increase  (22). 
Positive  results  are  recorded  by  Thiele-Nehring,  as  well  as  by  Stuve  (22). 
Just  as  in  myxoedema,  the  increase  (when  it  occurs)  develops  slowly 
during  the  course  of  two  to  three  weeks.  With  moderate  doses  of  the 
drug  the  increase  did  not  exceed  15  to  25  per  cent.  The  effect  is  less 
marked  when  small  doses  are  given  and  slowly  increased  than  when 
large  doses  are  given  at  first.  Jaquet  and  Svenson  found  that  no  increase 
occurred  in  the  exchange  of  gases  in  two  obese  patients  whilst  under 
treatment.  The  same  result  was  seen  in  investigations  carried  out 
during  fasting  for  a  period  of  five  to  ten  days,  and  Andersson  and  Berg- 
mann  confirmed  these  last  experiments  by  observations  of  less  duration. 

I  am  of  opinion  that  the  view  may  be  accepted  that  the  administration 
of  a  substance  originating  in  the  healthy  body  is  able  (in  some  persons, 
at  least)  to  increase  the  metabolic  changes  normally  going  on  in  the 
tissues.  This  view  is  not  held  by  Andersson  and  Bergmann,  nor  by 
Speck  (22).  The  much  more  striking  results  seen  in  myxoedema,  as  well 
as  (to  a  less  degree)  in  Graves'  disease,  confirm  this  view.  The  reason 
why  only  some,  and  not  all,  healthy  persons  show  this  reaction  to  thyroid 
feeding  is  at  present  as  little  understood  as  the  reason  why  similar  indi- 
vidual differences  in  reaction  are  seen  in  cases  of  mjrxoedema  (23)  and  in 
cases  of  Graves'  disease.  The  explanation  is  certainly  not  that  the 
difference  in  reaction  is  due  to  any  difference  in  the  kind  of  preparation 
used.  For,  in  some  cases,  a  large  dose  produces  severe  toxic  symptoms, 
occasionally  even  leads  to  an  appearance  of  acute  Graves'  disease  [Gautier, 
Notthafft,  and  others] ;  whereas  in  other  cases  very  large  doses  may  be 
given  without  anything  untoward  occurring  [Becker  gave  a  child  90 
tabloids  in  one  day,  and  Janike  gave  a  patient  4,000  tabloids  in  the  course 
of  six  years  (23)].  The  real  reason  is  undoubtedly  bound  up  with  the 
individual  reactions  of  the  patient's  tissues. 

With  the  small  amount  of  data  at  present  available  it  cannot  be 
held  that  the  exhibition  of  animal  thyroid  leads  more  easily  to  increase 
of  tissue  changes  in  obesity  than  in  normal  persons.  It  might  readily 
be  understood  that  this  is  the  case  if  there  were  evidence  forthcoming 
that  tissue  changes  are  relatively  less  marked  in  obese  than  in  normal 
persons,  but  such  evidence  is  lacking.  Moreover,  no  proof  as  yet  exists 
that  the  thjrroid  function  is  defective  in  obesity. 

Any  increase  of  the  total  tissue  changes  in  obesity  during  thyroid 
treatment  is  too  inconstant  to  explain  the  undoubted  loss  of  fat  which 
occurs  in  some  cases.  And  a  critical  survey  of  the  various  investigations 
made  in  this  direction  [amongst  others  by  L.  Bleibtreu  and  Wendel- 
stadt  (24)]  leaves  no  doubt  that  occasionally,  with  an  unaltered  diet, 
increased  loss  of  fat  does  sometimes  result  from  thyroid  treatment.    But 
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an  increase  of  the  total  changes  amounting  to  20  per  cent,  would,  in  an 
obese  patient  of  100  kilogrammes,  only  mean  an  increase  of  400  calories, 
necessitating  a  fat  consumption  of  but  42  grammes  per  diem.  And  in 
cases  where,  with  unaltered  diet,  a  real,  and  not  merely  apparent,  increase 
in  fat  loss  occurs,  the  influence  of  increased  exercise  must  be  taken  into 
account.  This  influence  has  been  demonstrated  to  be  not  inconsiderable 
in  animal  experiments  [Fritz  Voit  showed  it  to  be  present  to  the  extent 
of  20  per  cent,  of  COf  in  a  dog,  and  Bloch  obtained  comparable  results 
in  rabbits  (24)].i  The  response  to  stimuli  normally  shown  by  phlegmatic 
persons  may  increase  as  the  result  of  an  increase  of  their  nervous  force 
(induced  by  such  drugs  as  thyroid),  and  these  persons  may  thus  be 
incited  to  more  energetic  movement,  even  though  their  occupation  be 
apparently  unchanged.  When  this  factor  is  excluded,  as  in  one  of  my 
cases,  confined  to  bed  on  account  of  old  hemiplegia,  the  loss  of  fat  through 
thyroid  feeding  does  not  occur. 


C— CRAVES'  DISEASE. 

Li  those  investigations  upon  Graves'  disease  when  the  food  intake 
has  been  accurately  determined,  considerable  increase  of  the  total  meta- 
bolism has  been  observed  in  several  cases  [Fr.  Muller  (26)  and  others]. 
This  is  partly  explained  by  the  tremors  and  by  the  restlessness,  which 
are  often  such  marked  features  in  the  disease.  But  the  minimal  meta- 
bolism is  also  increased  [Magnus-Levy,  Stiive,  H.  Salomon  (27)].  In 
eight  serious  cases  I  found,  without  exception,  an  increase  in  the  oxygen 
consumption ;  in  four  mild  cases  this  increase  was  not  observed.  Patients 
with  simple  goitre  show  no  increase  in  their  gas  exchanges  [Stiive,  Magnus- 
Levy]. 
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— 

— 
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^  Sch6odorff  estimated  the  increase  of  total  oxidation  during  a  prolonfled  period  of 
abundant  thyroid  feeding  in  a  dog  to  be  36  per  cent.  So  careful  are  this  author's  caJcula- 
tions,  and  so  long-continued  were  his  obeemitions,  that  I  cannot  consider  the  results  to 
have  been  other  than  as  stated.  In  the  case  of  man  similarly  reliable  observations  do 
not  exist.  The  most  careful  and  the  most  prolonged  investisations  in  the  obese  with 
thyroid  treatment  are  those  of  Biagnus-Levy.  In  Schi5dte*s  stul  longer  observations  the 
figures  for  the  nitrogen  balance  are  perhaps  scarcely  so  reliable. 
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The  great  increase  in  oxygen  consumption — sometimes  as  much 
as  60  and  even  70  per  cent. — ^which  is  to  be  seen  in  bad  cases  of  Graves' 
disease  occurs  nowhere  else  in  the  whole  range  of  pathology,  not  even 
in  high  degrees  of  fever,  nor  in  leuchsemia,  nor  in  diabetes.  A  small 
part  of  this  increased  oxygen  consumption  may  be  due  to  increased 
cardiac  and  respiratory  action,  and  perhaps  in  some  cases  an  increased 
ingestion  of  food  may  be  a  factor.  (The  &:«t  patient  in  the  above  table 
ate  daily  230  grammes  of  protein,  or  6,500  calories.)  Li  a  critical  survey 
of  the  subject  Speck  (28)  is  led  to  attribute  the  remainder  of  this  increase 
of  oxygen  to  the  pronounced  tremors  which  are  a  feature  of  the  disease. 
According  to  this  author  the  metabolism  of  the  tissues  at  rest  is  not 
increased.  That  continuous  tremors  do  lead  to  an  increase  of  the  gas 
exchanges  must  be  admitted ;  I  have  myself  found  the  consumption  of 
oxygen  increased  by  20  to  30  per  cent,  in  paralysis  agitans.  But  the 
cases  of  Graves'  disease  which  I  investigated  showed  no  tremors  whilst 
they  were  kept  at  absolute  rest.  And  the  observations  made  whilst  the 
patients  were  asleep,  either  naturally  or  as  the  result  of  morphia,  showed 
no  diminution  of  the  oxygen  consumption  as  compared  with  those  made 
whilst  the  patients  were  awake.  Hyoscine,  which  checked  the  tremors 
in  paralysis  agitans,  and  thereby  reduced  the  gas  exchanges  to  their 
normal  level,  showed  no  such  influence  upon  the  exchanges  of  patients 
suffering  from  Graves'  disease.  Upon  these  grounds  I  maintain  very 
strongly  that  in  Graves'  disease  the  gas  exchanges  during  rest  are  in- 
creased. The  facts  observed  in  mjrxoedema,  where  the  exhibition  of 
thyroid  extract  causes  the  abnormally  low  gas  exchanges  to  return  to 
their  usual  level,  lend  strong  support  to  this  view. 

This  striking  increase  in  the  gaseous  exchange  seen  in  severe  cases 
of  Graves'  disease  is,  from  the  point  of  view  of  metabolism,  a  most  im- 
portant argument  in  favour  of  Mobius's  view  of  this  disease — ^that  it  is 
due  to  an  increase  in  the  function  of  the  thyroid.  And  those  authorities 
who  do  not  accept  this  view,  but  who  base  their  notion  of  the  pathology 
of  the  disease  upon  lesions  in  the  central  nervous  s3rBtem,  must  admit 
that  many  of  the  symptoms  of  the  disease  depend  inmiediately  upon 
changes  taking  place  in  the  thyroid.  The  morbid  state  of  the  thjrroid 
certainly  dominates  the  clinical  picture.  Mikulicz  expresses  the  same 
notion  when  he  speaks  of  the  thjrroid  as  intensifying  the  morbid  pheno- 
mena occurring  in  the  disease ;  this  view,  however,  scarcely  Ib,js  sufficient 
stress  upon  the  importance  of  this  organ  aa  a  cause  of  the  morbid  pheno- 
mena. 

When  pronounced  and  lasting  improvement  takes  place  in  a  case  of 
Graves'  disease,  the  gaseous  exchanges  sink,  not  only  relatively  in  respect 
to  the  weight,  but  absolutely.  The  body,  once  more  rich  in  protein  and 
fat,  consumes  absolutely  less  oxygen  and  excretes  less  carbon  dioxide 
than  before  pMbgnus-Levy  (27)].  The  following  figures  show  the  mean  of 
sixteen  observations  made  during  a  period  of  ten  years  upon  the  same 
patient : 

1896 :  46  kilogrammes,  34M  c.o.  0^,  188-4  c.c.  00,,  6-36  Qi,  418  GO^  per  kilogramme 
per  minute. 

1806 :  60-3  kilogrammes,  209*8  o.o.  Qi,  167-1  o.o.  00^,  4-09  0^.  3-07  CO^  per  kilogramme 
per  minute. 
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On  the  other  hand,  if  the  patient  gets  worse,  a  still  greater  increase 
in  the  gaseous  exchanges  is  noticed.  Li  one  case  reported  by  Hirschlaff 
(29)  I  noticed  a  consumption  of  oxygen  which  varied  but  little  in  six 
weeks,  the  mean  being  349  c.c.  per  minute.  In  the  last  few  weeks  before 
death  this  figure  rose  to  385,  405,  and  446  c.c. 

I  was  able  to  study  the  influence  of  the  amount  of  food  intake  in 
the  first  of  the  cases  mentioned  in  the  table  on  p.  995.  On  the 
first  and  second  day  after  a  breakfast  which  was  admittedly  abundant 
in  amount  the  oxygen  consumption  had  risen  to  75  c.c. — i.e.,  22  per  cent, 
more  than  the  usual  figure  in  this  particular  case.  This  effect  is  similar 
to  that  seen  in  health  under  the  same  conditions. 

The  Influence  of  Certain  Drugs. — Seeing  that  thyroid  feeding  in  Graves' 
disease  often  leads  to  an  exacerbation  of  the  symptoms,  it  might  be 
expected  that  a  corresponding  increase  in  the  gaseous  exchanges  would 
occur  under  this  treatment.  However,  I  seemed  to  miss  this  effect  in 
two  cases  which  I  studied — ^in  the  first  case  probably  because  the  feeding 
with  thyroid  only  lasted  five  da,js ;  in  the  second  because  the  patient's 
condition,  in  all  clinical  respects  uninfluenced  by  the  drug,  was  already 
improving.  Feeding  with  thymus  extract  for  longer  or  shorter  periods 
was  found  to  be  without  any  such  effect  in  Stiive's  case,  as  weU  as  in  one 
of  my  own  (27).  H.  Salomon  treated  a  patient  with  '^  rhodagen  "  and 
another  with  Mobius's  antithyroid  serum  ;  the  clinical  effects  were  slight, 
and  the  gaseous  exchanges  remained  unaltered.  Moreover,  the  daily 
administration  of  40  grammes  of  sodium  bicarbonate  for  a  period 
of  five  days,  and  of  1  gramme  of  hydrochloric  acid  for  one  day, 
were  quite  devoid  of  any  influence  upon  the  oxygen  consumption 
[Magnus-Levy].  I  mention  this  experience  because  it  has  been  stated 
that  a  different  result  has  been  obtained  by  the  use  of  large  doses  of 
alkalis  (27). 

The  extraordinary  degree  of  emaciation  sometimes  noticed  to  occur 
in  Graves'  disease — ^instances  where  patients  have  lost  half  their  weight 
in  one  year  have  been  described — cannot  be  explained  solely  by  an  in- 
crease in  the  body  requirements  during  rest,  although  this  is  occasionally 
enormously  raised.  In  the  first  of  the  series  of  cases  already  referred 
to  I  estimated  the  fundamental  tissue  changes  during  one  day  as 
2,300  calories.  Over  and  above  this  the  total  metabolism  is  increased 
by  the  tremors,  and  by  the  marked  restlessness  of  these  patients.  In  spite 
of  increased  appetite,  the  ingesta  remains  less  than  the  excreta,  and 
great  reduction  of  weight  occurs.  Of  course,  this  is  still  more  marked 
if  anorexia  be  present.  In  only  a  few  cases,  where  very  large  quantities 
of  food  are  given,  is  a  loss  of  weight  absent  during  the  height  of  the  disease ; 
it  is  still  rarer  to  find  an  actual  superalimentation  occurring  (29). 


The  Protein  Metabolism. 

G.  Lustig  (30)  was  the  first  to  call  attention  to  the  increase  of 
nitrogenous  metabolism  in  Graves'  disease.  But  this  author's  figures 
seem  to  me  to  prove  little  more  than  that  his  patients  had  larger 
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appetites,  and  consumed  and  stored  up  more  protein  than  the  healthy 
control.^ 

It  was  Fr.  Miiller  (30)  who  first  published  convincing  figures.  Muller's 
patient,  who  was  reduced  in  weight  to  30  kilogrammes,  in  spite  of  a  daily 
intake  of  10*5  grammes  of  nitrogen,  lost  0-94  gramme  daily  during  an 
acute  exacerbation  towards  the  end  of  the  illness.  Another  patient, 
confined  to  bed,  would  certainly  have  stored  protein  upon  the  diet  given 
if  he  were  healthy  (1,689  calories  or  58  calories  per  kilogramme  of  body- 
weight).  A  patient  of  Matthes  (30),  weighing  64  kilogrammes,  upon  a 
daily  diet  of  12-9  grammes  of  nitrogen  (40  calories  per  kilogramme), 
lost  3  grammes  of  nitrogen  daily.  In  other  cases  Abitthes  succeeded 
in  obtaining  nitrogenous  equilibrium,  but  only  after  giving  enormous 
quantities  of  protein.  In  the  case  of  three  patients  whose  weights 
varied  from  51  to  61  kilogrammes  it  was  necessary  to  increase  the  food 
nitrogen  to  16'9  to  19*1  grammes  daily  (39  to  44  calories  per  kilogramme), 
and  these  figures  were  exceeded  in  still  another  patient,  who  consumed 
an  equivalent  of  22  grammes  of  nitrogen  (60  calories  per  kilogramme). 
One  of  my  patients,  despite  an  intake  of  62  calories  per  kilogramme, 
continued  to  lose  weight.  And  all  these  cases  were  far  advanced  in  the 
disease  and  confined  to  bed. 

Such  an  increase  in  the  consumption  of  protein,  however,  must  not 
be  expected  alwa3rs  in  ordinary  cases  of  chronic  Graves'  disease.  As 
in  other  diseases  of  long  duration,  it  is  particularly  during  the  periods 
of  acute  or  subacute  exacerbations  that  the  protein  metabolism  is  increased 
and  that  stored-up  material  is  utilized.  Along  with  the  improvement  in 
the  clinical  condition  the  weight  increases  and  protein  is  retained. 
Matthes'  patients  were  considerably  ameliorated  by  partial  thyroidectomy. 
Three  to  four  weeks  after  the  operation,  upon  the  same  diet  as  before 
it,  the  nitrogen  balance  showed  an  increase  on  the  side  of  storage  in  all 
cases  up  to  2  to  4  grammes  daily.  Even  after  two  months,  when  the 
weight  and  the  protein  metabolism  were  good,  the  patients  still  retuned 
a  similar  quantity  of  nitrogen  when  put  upon  the  same  dietary. 

Schok  investigated  a  case  during  the  progressive  period  of  the  disease 
(30).  The  condition  of  his  patient  varied  considerably.  In  the  first 
four  weeks  under  treatment  she  lost  3^  kilogrammes,  but  regained 
5  kilogrammes  during  the  following  three  weeks.  There  was  a  daily 
retention  of  7*4  grammes  nitrogen  on  an  intake  of  21*5  grammes  nitrogen. 
The  dietary  provided  47*7  calories  per  kilogramme — quite  an  excessive 
amount. 


^  Two  healthy  and  two  sick  women  were  plaoed  on  the  same  food  intake.    The 
urinary  excretion  was  as  follows  : 


Urea. 

PA. 

CL 

Patients 
Normal  women 

Qm. 

33-9-26-2 

21*3 

Qm. 

2-0-1-6 

1-3 

Qm. 

121-16-4 

9-1 

When  the  figures  were  taken  day  by  day,  the  several  constituents  varied  enormously, 
as  much  as  100  per  cent,  from  one  day  to  another. 
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During  the  worst  periods  of  the  disease  nitrogen  loss  is  by  no  means 
always  the  role.  Matthes  employs  a  liberal  diet  in  these  cases,  and  this 
is  quite  possible,  for  the  appetite  is  usually  good.  Kocher  records 
the  following  figures  from  advanced  oases :  urea,  34  grammes  (16*5  grammes 
urea  nitrogen),  a  quantity  corresponding  to  20  grammes  total  nitrogen. 
This  is  a  very  high  output,  particularly  when  it  is  remembered  that  the 
intake  of  meat  is  usually  not  large  in  this  condition. 

Bulimia  has  been  observed  by  many  clinicians  (31).  The  most 
instructive  example  is  afforded  by  Hirschlaff's  observation  (31)  of  a 
patient  with  subacute  Graves'  disease.  During  a  series  of  investigations 
lasting  for  forty-six  days  this  patient  consumed  a  diet  consisting  of  the 
enormous  amount  of  220  to  240  grammes  of  protein,  600  to  550  grammes 
of  carbohydrate,  and  217  to  273  grammes  of  fat  per  diem  (6,070  to 
6,660  calories,  equivalent  to  100  to  120  calories  per  kilogramme).  The 
patient's  weight  rose  from  41*7  to  63*6  kilogrammes,  and  there  was  a 
daily  gain  of  nitrogen  of  about  4  grammes.^  Of  the  total  gain  in  weight, 
about  6^  kilogrammes  were  disposed  as  *'  flesh "  and  6  kilogrammes 
as  fat.  But  in  spite  of  this  successful  superalimentation,  the  disease 
process  became  worse,  and  the  patient  died  during  her  stage  of  super- 
alimentation of  acute  exophthalmic  goitre. 

I  think  the  question  whether  the  protein  losses  occurring  in  Graves' 
disease  result  only  firom  the  condition  of  relative  subalimentation,  or 
whether  they  are  to  be  ascribed  to  the  disease  itself,  should  be  answered 
in  the  latter  sense.  Sometimes,  at  least,  a  deleterious  influence  is  exerted 
by  the  disease  upon  the  protein  metabolism.  To  establish  a  state  of 
nitrogenous  equilibrium  it  is  necessary  not  only  to  increase  the  intake 
of  calories  enormously,  but  specially  to  increase  the  intake  of  protein 
much  more  than  in  health.  When  a  loss  of  protein  occurs  in  disease 
independently  of  a  diminution  of  the  diet,  it  is  usual  to  designate  this 
loss  as  of  '*  toxic  "  origin.  This  is  also  the  customary  explanation  in 
Graves'  disease.  But  by  this  term  '*  toxic  protein  disintegration  "  it 
must  not  be  meant  that  such  a  process  is  invariable,  and  that  it  cannot 
by  any  means  be  avoided.  Indeed,  May  (32)  has  shown,  by  his  ex- 
periments upon  animals  suffering  from  fever,  that  loss  of  protein  can  be 
prevented.  And  other  observers  have  proved  the  same  thing  in  Graves' 
disease,  especially  where  a  state  of  superalimentation  is  induced. 

The  Urine  In  Graves'  Disease. 

Qttan/%.— Polyuria  is  occasionally  noted  [Mobius,  Buschan  (31)]. 
In  some  cases,  as  in  that  of  Hirschlaff  (29),  where  6  Utres  of  urine  were 
passed  daily,  this  condition  is  explained  by  the  abundant  ingestion  of 
fluids  which  was  part  of  the  superalimentation  taking  place  at  the  time 
(the  patient  was  taking  3  litres  of  milk  daily).  In  other  cases,  where  the 
amount  of  urine  reached  10  Utres  or  more,  certain  neuroses  or  diabetes 
insipidus  have  been  dealt  with ;  the  polydipsia  is  in  these  cases  associated 
with  great  thirst. 

^  In  oBtiinating  the  figures  the  yolue  of  the  nitrogen  losses  in  the  sweat  are  only 
assumed. 
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The  Nitrogenous  ConatUuenta  of  ike  Urine. — ^According  to  Daddi  (33), 
the  relative  urea  content  is  the  same  as  in  health,  and  the  same  may  be 
said  for  the  ammonia^  [Magnus-Levy].  Uric  acid  was  found  relatively 
normal  in  quantity  by  Schreiber  and  Waldvogel,  Magnus-Levy  and 
B.  David  (34) — ^from  0*4  to  0*6  gramme.  A  solitary  instance  of  increased 
excretion  of  uric  acid  (5*0  grammes)  is  recorded  by  A.  Kocher  (30), 
perhaps  due  to  the  therapeutic  use  of  thymus  gland.  No  variation  in 
the  form  of  katabolism  of  the  protein  and  nudein  molecules  is  known 
to  occur. 

Albuminuria  is  uncommon  (36).  Li  some  cases  transient  albuminuria 
has  been  described  [BramweU  (25),  Kocher].  Two  of  Bramwell's  cases 
showed  persistent  albuminuria,  increasing  in  degree,  but  no  casts,  and  no 
clinical  evidence  of  nephritis.  Chvostek's  (36)  observation  that  an 
excretion  of  ''  peptone  "  (?  albumoses)  occuired  in  a  patient  suffering 
from  Graves'  disease  after  an  ingestion  of  160  to  200  grammes  of  grape- 
sugar  deserves  confirmation.  Boinet  and  Silber  (37)  have  isolated 
three  "  ptomaines  "  from  the  urine  of  patients  the  subjects  of  Graves' 
disease,  which,  injected  into  animals,  produced  symptoms  allied  to 
exophthalmic  goitre.  These  and  some  other  "  ptomaine  *'  observations 
have  been  received  by  Grerman  authorities  with  some  reserve,  perhaps 
justly  so. 

For  glycosuria^  see  p.  1003  e/  seq. 

Acetone  was  found  in  the  urine  in  small  quantities  (1,  2,  to  4  centi- 
grammes) by  Schreib6r  and  Waldvogel  (38).  Larger  amounts  of  acetone 
bodies  may  occur  under  similar  conditions  to  those  leading  to  excretion 
of  these  substances  in  other  diseases — as,  for  instance,  in  connection  with 
rdative  deficiency  of  carbohydrates.  Thus  Dreschfeld  (38)  found 
aceto-acetic  acid  present  in  a  patient  with  nervous  vomiting. 

An  increased  excretion  of  iniican  is  rarely  noted.  Marked  putre- 
factive changes  in  the  intestine  are  not  a  feature  of  the  disease. 

The  utilization  of  food  in  the  bowel  is  good,  even  when  the  stools  are 
somewhat  soft,  which  they  not  infrequently  are  (33). 

The  following  table  shows  the  loss  : 


. 

NUrogeti. 

F(U. 

OUftrver. 

6-2  par  oeat. 
6-8  per  cent. 

8*2  per  cent 
6-8        „ 
80        .. 

8'0  per  cent. 
120  per  cent. 

F.  Miilkr  (^6). 
W.  ScholE  (30). 
HirBohlaS  (29). 

To  what  degree  assimilation  is  affected  by  persistent  and  serious  diarrhoea 
has  not  yet  been  investigated. 

^  In  Hirschlaff's  oaae  (29)»  already  referred  to,  I  found  that  inth  a  total  nitrogen 
excretion  of  24  to  30  grammes,  0'8  to  1*3  grammes  were  present  as  ammonia — i.e.,  3  to 
4  per  cent.  These  ohserrations  extended  over  a  period  of  thirty  days.  After  a  daily 
administration  of  1  gramme  of  hydrochloric  acid  for  five  days,  the  ammonia  rose  to 
1'85  grammes.  With  an  intake  of  40  grammes  of  sodium  bicarbonate  it  immediately 
sank,  and  on  the  fourth  day  it  had  hilten  to  0*04  gramme,  and  to  0*0  sramme  on  the 
fifth  day.    I  have  found  the  amount  of  ammonia  also  normal  in  a  second  case. 
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The  Constttuents  of  the  Ash. 

Upon  the  chlorine  balance  there  are  no  observations.  But  an  increased 
excretion  of  chlorine^  as  compared  with  health,  occurred  in  two  of  Lustig's 
patients  (30),  and  was  evidently  owing  to  increased  chlorine  ingested. 
W.  Scholz's  figures  (6-8  grammes  NaCl)  do  not  call  for  any  comment ; 
the  excretion  varied  but  little  upon  individual  days  (30). 

Nothing  is  known  about  the  excretion  of  stdpAur,  either  the  amount 
excreted  or  the  sulphur  balance.  But  the  katabolism  of  sulphur  varies 
as  little  from- the  normal  as  does  that  of  the  nitrogenous  principles. 
Daddi  and  Marchetti  (33)  found  the  relations  of  ethereal  to  inorganic 
sulphates,  and  of  neutral  sulphates  to  total  sulphates,  were  normal. 

Scholz  noted  a  daily  retention  of  1-06  grammes  of  phosphorus  with 
the  comparatively  low  intake  of  2-8  grammes  PaO^.  This  gain  of 
phosphorus  corresponds  approximately  with  the  gain  in  nitrogen  (7*4 
grammes),  and  of  itself  caUs  for  no  remark.  The  only  abnormal  feature 
in  connection  with  the  phosphorus  excretion  was  the  distribution  of  it 
by  the  two  channels,  urine  and  faeces  :  of  1-75  grammes  PaO^  excreted, 
1*42  grammes  passed  out  by  the  urine,  and  only  0*33  gramme  by  the 
f»ces  (c/.  the  alteration  observed  after  administration  of  thyro-iodin, 
p.  1002).  This  figure  for  the  excretion  of  the  faeces  is  very  low,  and  is 
not  seen  with  a  similar  diet  (including  much  milk)  in  health.  A  patient 
of  Daddi  and  Marchetti  (33),  however,  behaved  differently.  No  figures 
and  no  clinical  details  relating  to  this  case  are  to  hand,  but  according 
to  the  abstract  of  these  authors'  observations,  no  phosphorus  was  re- 
tained, and  the  phosphorus  was  excreted  in  increased  amount  by  the 
intestine. 

The  Sweat. — ^Although  many  patients  excrete  large  quantities  of 
fluid,  of  urea,  and  of  sodium  chloride,  by  means  of  their  sweat  glands, 
no  measurements  or  other  investigations  have  been  undertaken  in  this 
direction.  This  is  an  important  field  for  research,  for  sweating  is  so 
marked  in  the  disease  that  it  has  been  known  to  continue  pari  passu 
with  an  associated  severe  diabetes  in  the  same  patient,  and  the  sweat 
in  these  circumstances  may  contain  sugar  [C.  Hannemann  (39),  Max 
Schmidt  (39)]. 

The  Blood, — ^No  specific  changes  usually  occur  in  the  composition 
of  the  blood.  The  percentage  of  haemoglobin  rarely  sinks  below  80. 
Neither  anaemia  nor  hydraemia  is  common  (25,  26,  40). 


The  Influenoe  of  Thyroid  Feeding  upon  Metabolism  In 
Graves'  Disease. 

The  exacerbations  produced  in  the  symptoms  of  Graves'  disease 
by  the  exhibition  of  thyroid  substances,  though  of  ttimes  noticed,  have 
only  to  a  slight  extent  been  studied,  especially  in  regard  to  metabolism. 
For  some  reason  or  other,  those  oases  in  which  observations  have  been 
made  showed  no  marked  clinical  disturbances,  either  because  the  patients 
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were  refractory  to  the  drug,  as  is  sometimes  the  case,  or  because  the 
treatment  was  of  too  short  a  duration. 

Concerning  the  exchange  of  gaeea  see  p.  997. 

T?ie  Balance  of  Nitrogen. — ^In  two  patients  observed  by  Scholz  (30) 
and  Hirschlaff  (29)  the  marked  nitrogen  gain  of  the  preliminary  period 
was  not  disturbed  in  the  slightest  by  the  daily  exhibition  of  four  tabloids 
of  thjrroid  extract.  On  the  other  hand,  a  patient  of  Matthes  (30),  who 
was  ^ven  by  mouth  her  own  excised  thyroid  gland  (dried),  responded 
to  this  treatment  by  an  increased  nitrogen  excretion  of  1  and  2  grammes 
on  the  second  and  third  days  respectively.  A  patient  of  David's  (17), 
evidently  a  bad  case,  after  taking  three  to  five  tabloids  of  thjrro-iodin, 
excreted  90  per  cent,  more  nitrogen  than  previously  whilst  taking  an 
exactly  similar  diet. 

I  found  the  ammonia  content  of  the  urine  in  Hirschlaff's  (29)  case 
was  as  high  during  the  period  of  thyroid  feeding  as  before.  Nor  is  the 
quantity  of  uric  acid  found  to  be  influenced  [Schreiber  and  Waldvogel  (34), 
David  (34)].  The  assimilaiion  of  protein  remained  unaltered  [Scholz, 
Hirschlaff]  ;  so,  too,  did  that  of  fat  pBQrschlaff].  The  excretion  of  sodium 
chloride  rose  from  6*8  to  8-7  grammes  [Scholz]. 

In  the  case  of  phosphoric  add  alone  is  a  change,  and  that  a  surprising 
one,  recorded.  Scholz's  (30)  patient,  who,  during  the  preliminary  period 
of  observation,  had  stored  up  1-06  grammes  PjOg  (p.  1001),  lost  daily 
during  the  period  of  thyroid  exhibition  2*09  grammes,  and  this  striking 
increase  of  phosphorus  excretion  took  place  almost  exclusively  by  the 
bowel. 


Ingested. 

PA  Excrekd. 

Balafvce. 

Urine. 

FnoeB. 

Period   of   feeding   with 
tiiyroid 

Om. 
2-8 

2-8 

Gm. 
1-42 

1-49 

Om. 
0-33 

3*42 

+  1-06 
-209 

BifferaDoe. . 

00 

-0-07 

-309 

-316 

It  is  true  that  Boos  (5),  and  later  several  other  observers,  found  an 
increase  in  the  excretion  of  phosphoric  acid  (partly  by  the  urine,  partly 
by  the  fseces)  when  feeding  animals  with  thyroid  extract.  But  in  none 
of  these  did  such  a  marked  change  in  the  behaviour  of  the  phosphorus 
excretion  occur  as  in  Scholz's  patient.  It  is  highly  desirable  to  repeat 
this  observation  in  other  cases.  Until  that  has  been  done  it  is  hardly 
possible  to  conclude  that  in  Graves'  disease  there  is  a  special  facility 
observed  in  phosphorus  katabolism. 
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D.— THE  RELATIONS  OF  THE  THTROH)  TO  CABBOHTDRATE 

METABOLISBL 

These  relations,  which  were  perhaps  somewhat  over-rated  formerly, 
have  been  of  late  more  correctly  estimated.  They  consist  chiefly  in  the 
liability  to  glycosuria  if  large  amounts  of  thyroid  secretion  are  active 
in  the  body,        ' 

This  state  of  things  is  most  apparent  in  Graves'  disease.  Not  at 
all  rarely  it  leads  to  diabetes  mellitus.  According  to  Hannemann,  at 
least  twelve  of  the  older  cases  observed  belong  to  this  category,  and 
according  to  Naunyn  a  few  more  (43).  Naunyn  adduces  another  case 
recorded  by  Schmitz,  and  Grube  and  Bettmann  one  each.  I  have  also 
found  two  short  notices  of  this  condition  by  Schreiber  and  Waldvogel, 
and  by  H.  Salomon,  and  a  more  detailed  account  of  a  case  by  Grawitz  (43). 
Von  Noorden  observed  diabetes  with  Graves'  disease  four  times.  Kocher 
found  spontaneous  glycosuria  present  in  two  out  of  fifty-nine  cases  of 
Graves'  disease.  Listances  of  severe  diabetes  are  certainly  rare;  the 
occurrence  of  diabetic  coma  has  only  been  recorded  twice,  by  Budde 
and  by  Hannemann  (43).  Li  the  urine  of  the  latter  case  I  found  large 
quantities  of  acetone,  aceto-acetic  acid,  and  ozybutyrio  acid.  To  which 
type  these  relations  between  Graves'  disease  and  glycosuria  or  diabetes 
belong — ^whether  hepatic  or  pancreatic^ — ^it  is  at  present  impossible 
to  say. 

Considering  how  common  a  disease  exophthalmic  goitre  is,  the  addition 
of  diabetes  to  the  symptomatology  is  comparatively  rare.  And  the 
tendency  to  this  complication,  evidenced  by  the  ready  occurrence  of 
alimentary  glycosuria,  is  not  so  marked  as  was  once  thought.  After 
Ludwig  and  Kraus  (44)  observed  It  for  the  first  time,  Chvostek  found  it 
present  in  five  out  of  eight  cases.^  Later  observations  have  shown  the 
frequency  to  be  n\uch  less  than  this  (Strauss  found  it  in  only  three  out  of 
seventeen  cases,  and  Ziilzer,  Friedheim,  Naunyn,  Magnus-Levy,  and 
Kocher  found  it  absent  altogether,  or  only  occasionally  present).  Von 
Noorden  believes  it  to  occur  only  in  severe  and  progressive  cases  of  Graves' 
disease  (44). 

Apart  from  myzcBdema,  a  series  of  cases  have  been  noted  in  which 
the  use  of  thyroid  extract  has  led  either  to  true  diabetes  or  to  a  transient 
glycosuria,  or  to  an  easy  production  of  alimentary  glycosuria.  True 
diabetes  coexisting  with  myxcBdema  has  been  observed  by  Ewald  (7), 

^  Direct  relations  existing  between  the  thyroid  and  the  pancreas,  assumed  by  Lorand 
on  account  of  histological  and  pathological  inyestigations,  haye  not  been  proved.  In 
face  of  the  appearance  of  alimentary  glycosuria  after  thyroid  administration,  the  action 
of  the  liver  must  be  first  considered,  m  experiments  upon  doss,  Qeorgiewsky  found  sugar 
was  excreted  after  thyroid  feeding  only  when  he  had  given  uirge  quantities  of  carbohy- 
drates— that  is,  when  the  storage  of  slyco^  was  considerable.  Forges  (44a)  found 
that  Invulose  was  excreted  by  a  dog  fed  with  thyroid  after  giving  large  quantitiee  of 
cane-sugar.  The  point  of  special  moment  is,  not  the  nature  of  the  sugar  secreted  (for 
Isvuloee  mav  also  appear  in  the  urine  of  dogs  fed  with  much  cane-sugar  without  the 
exhibition  of  thyroid),  but  the  long  duration  (seventeen  days)  of  the  Isvulosuria  after 
cessation  of  the  thyroid  feeding. 

'  Chvostek  found  a  polysaccharide  present  in  the  urine  of  one  patient. 
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with  acromegaly  by  Lorand  (45).  Transient  giycoBUiia  extending  over 
a  period  of  nine  days  was  noted  by  Dale  in  a  case  of  psoriasiB,  and  in 
other  cases  by  Notthaft,  Dennig,^  von  Noorden  and  Friedheim  (46). 
Alimentary  glycosuria  has  been  noted  by  Mawin,  H.  Strauss,  Bettmann, 
von  Noorden,  and  many  others  (47).  From  a  consideration  of  the 
investigations  and  views  of  several  authors  upon  the  subject,  it  may  be 
assumed  that  the  thjrroid  gland,  when  it  leads  to  the  excretion  of  sugar, 
acts  as  an  inducing  cause  wherever  a  predisposition  to  glycosuria  exists. 
This  certainty  holds  for  Lorand's  case  of  acromegaly  and  for  the  cases  of 
obesity  observed  by  von  Noorden,  Dennig,  Notthalt,  Friedheim,  and 
others.  Here  the  glycosuria  was  latent  or  of  temporary  duration  (see 
a  very  clear  case  described  by  Friedheim).  Grawitz  (43)  has  reported 
a  very  conclusive  instance  of  the  increase  which  may  occur  in  an  existing 
glycosuria  by  means  of  thjrroid  exhibition  in  diabetes.  The  sugar  was 
increased  from  40  to  80  grammes  over  a  long  period. 

The  cases  of  alimentary  or  of  spontaneous  glycosuria  occurring 
without  a  demonstrable  tendency  to  this  condition  are  quite  rare.  The 
occurrence  of  them  is  nothing  like  so  common  as  would  appear  from  the 
researches  of  Bettmann,  for  instance,  where  they  are  stated  to  comprise 
48  per  cent,  of  his  skin  patients.  Mawin  found  them  present  in  only 
8  per  cent.,  and  Strauss  only  found  the  condition  in  20  per  cent,  of  nerve 
cases,  in  whom  there  is  naturally  a  tendency  to  alimentary  glycosuria. 
The  occurrence  of  sx>ontaneous  glycosuria,  to  which,  since  Ewald's 
writings,  the  attention  of  most  authors  has  been  directed,  is,  apart  from 
"  latent  diabetes,"  certainly  very  uncommon  (46,  47). 
i  Li  contradistinction  to  the  fall  in  the  limit  of  assimilation  of  sugar 
which  occurs  in  Graves'  disease,  a  rise  has  been  looked  for  in  myxoedema. 
Hirschl  (48)  did  not  reach  the  limit  in  two  of  his  patients  by  giving 
200  grammes  of  grape-sugar,  nor,  in  a  third  case,  even  with  500  granmies. 
This  may  possibly  be  explained  by  the  tardy  intestinal  absorption  present 
in  myxGBdema.  Knopflmacher  (48)  has  confirmed  Hirschl's  results  in 
cases  of  sporadic  cretinism,  and  has  shown  that  the  limit  of  sugar 
assimilation  sinks  to  the  physiological  level  as  improvement  takes  place 
under  treatment  by  thyroid. 

It  may  be  concluded  from  all  the  observations  hitherto  obtained 
that  an  increase  of  thyroid  activity  in  the  body  makes  the  normal  use  of 
carbohydrate  more  difficult;  or,  putting  this  result  more  accurately, 
it  makes  an  absolute  retention  of  sugar  in  the  tissues  less  easy.  In  face 
of  this  it  is  remarkable  that  glycosuria  occasionally  occurs  in  untreated 
cases  of  mjrxoedema  [Campbell,  Jiirgens,  Byrom  Bramwell,  Magnus-Levy, 
Luxemburg  (49)].  In  every  case  the  glycosuria  appears  to  have  been 
slight  and  transient.  Bramwell  expressly  refers  to  *'  a  distinct  trace  of 
sugar  "  in  one  case.  I  found,  in  one  patient  only,  upon  two  successive 
da,js,  0-2  and  0-1  per  cent,  of  glucose  (confirmed  by  polarization,  fer- 
mentation, and  formation  of  osazones).^  During  treatment,  even  after 
sugar  was  given,  none  appeared  in  the  urine.    In  Luxembui^g's  patient, 

^  Dennig  (46)  oonsidere  the  sugar  to  hare  been  galactose  in  his  case.    This  case 
is  often  quoted  without  criticism,  but  the  proof  for  the  statement  is  not  conclnsiTe. 
^  In  several  of  the  cases  there  is  no  proof  that  the  reducing  body  was  sugar. 
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a  girl  of  nineteen,  the  glyoosuria  remained  as  '*  a  trace  "  during  organo> 
therapy  extending  over  seyeral  months ;  the  treatment,  however,  was  not 
very  Buocessfal.  In  view  of  all  the  facts,  it  is  not  satisfactory  to  attribute 
the  glycosuria  present  in  these  cases  to  the  diseased  thyroid.  And  the 
moderate  appetite  of  such  patients  does  not  suggest  that  an  overfilling 
and  occasional  emptying  of  the  glycogen  stores  is  likely  to  occur.  It  is 
possible  that  here  a  form  of  renal  glycosuria  has  to  be  dealt  with. 


E.— THE  THEORY  OF  THE  ACTION  OF  THE  THYROID  GLAND. 

1.  The  Secretion  Theory. — ^This  expresses  the  most  common  view 
held  as  to  the  action  of  the  thyroid  [Baumann,  Roos,  Oswald,  and  others 
(50)].  It  supposes  that  the  gland  secretes,  in  the  colloid  material,  an 
active  substance,  which  passes  into  the  circulation  via  the  lymph-stream 
and  exerts  its  influence  upon  the  body  generally.  Whether  this  influence 
takes  place  through  the  central  nervous  system,^  or  whether  there  is  a 
direct  chemical  action  between  the  substance  and  the  various  organs 
of  the  body,  can  only  be  surmised.  In  the  case  of  the  action  of  the 
thyroid  upon  the  heart  alone  has  this  action  been  proved  to  be  inde- 
pendent of  the  brain  and  spinal  cord  [Cyon  and  others  (51)]. 

It  has  often  been  assumed  that  when  the  normal  thjrroid  secretion 
is  absent  metabolism  is  altered  both  qualitatively  and  quantitatively ; 
also  that  under  these  circumstances  poisonous  products—"  toxines  " — 
are  formed  which  otherwise  either  do  not  appear  at  all,  or  appear,  but  are 
neutralized  by  the  thyroid  substance.  In  this  sense  the  thyroid  secretion 
is  conceived  of  as  a  Mnd  of  '^  antitoxine  "  for  "  toxines  "  which  originate 
in  the  healthy  tissues.  Attempts  have  recently  been  made  to  base  a 
system  of  organo-therapy  for  cases  of  Graves'  disease  upon  this  assump- 
tion. Investigators  have  hoped  to  extract  these  "  toxines  "  from  myx- 
CBdematous  animals,  and  have  given  the  materials  thus  obtained  to 
patients  suffering  from  Graves'  disease,  in  whom  it  is  supposed  that 
too  much  of  the  hypothetical  '*  antitoxine  "  is  present.  But  these  efforts 
at  isolating  ''toxines"  from  thyroidectomized  animals  have  not  yet 
been  fraught  with  certain  success  [Formanek,  Baldi,  and  others  (53)]. 

Herzberger  (54)  speaks  of  the  ''  antitoxine  "  of  the  thyroid  gland 
as  "  thyreohaptin."  This  transference  of  Ehrlich's  views  and  expres- 
sions from  the  sphere  of  immunity  to  that  of  internal  secretions  does  not, 
however,  lead  us  much  further,  for  it  deals  only  with  speculation,  and  not 
with  any  results  of  experimental  investigation. 

2.  The  Neutndization  Theory  [Notkin,  F.  Blum  (55)].— The  secretion 
theory  includes,  as  already  mentioned,  the  notion  of  neutralization,  but 
in  this  second  theory,  which  is  opposed  to  the  first,  the  seat  of  neutraliza- 

^  Osvald  (51)  oonsideiB  tiiat  this  substance  exerts  a  direct  action  upon  the  kidneys 
as  well  as  upon  metabolic  processes  generally.  Inyestigations  have  been  undertaken 
with  the  purpose  of  ascertaining  if  the  destruction  of  albumin  in  the  body  is  increased 
under  the  influence  of  thjrroid  feeding.  Sohrvver  (62)  found  that  this  did  occur.  But 
an  increase  of  tissue  destruction*  as  surmised  by  Oswald*  would  not  of  itself  explain  an 
increase  in  the  total  oxidation  processes.  Wells  found  that  the  addition  of  thyroid 
extract  to  liyer  pulp  in  viiro  produced  no  increase  in  the  autoljrtic  action  taking  place  (62). 
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tion  is  supposed  to  take  place  in  the  thyroid  gland  itself,  and  not  in  the 
rest  of  the  body  through  the  medium  of  a  secretion.  According  to  Blum, 
the  thyroid  takes  up  toxic  substances  which  arise  as  the  result  of  metabolic 
processes,  and  so  clears  the  organism  of  these.  The  iodine  of  the  thyroid 
secretion  is  supposed  to  combine  with  the  poisons,  and  to  neutralise  them 
in  the  gland ;  the  iodine  then  reunites  with  the  albumin  of  the  gland, 
and  is  thus  retained  in  this  situation  so  as  to  be  ready  for  further  neu- 
tralization. The  iodine  thus  exerts  its  specific  function  only  within 
the  gland,  and  never  leaves  it.  This  author  bases  his  views  firstly  upon 
finding  that  the  lymph  glands  proper  to  the  thyroid,  and  the  resulting 
lymph  itself,  were  tree  from  iodine.  But  more  accurate  study  of  this 
point  causes  the  alleged  fact  to  lose  much  of  its  importance  (Blum  only 
examined  100  c.c.  of  lymph,  and  this  was  certainly  not  derived  exclusively 
from  the  thyroid  gland).  The  second  point  leadiog  this  author  to  his 
conclusions  was  his  finding  that  the  amount  of  iodine  in  the  thjrroid 
gland  of  dogs  fed  upon  iodine-free  food  was  comparatively  high ;  he  there- 
fore argued  that  the  iodine  never  left  the  gland.  Apart  from  theoretical 
considerations,  however,  the  experiments  of  Baumann  and  of  IGwa 
and  Stoltzner  (66)  are  opposed  to  Blum's  views.  These  observers  found 
a  very  low  iodine  content  under  the  conditions  of  Blum's  experiment. 
But  there  are  other  objections  to  this  author's  views.  The  action  of 
thyroid  extract  in  myxoedema,  congenital  thyreo-aplasia,  and  cachexia 
strumipriva,  where  the  gland  is  occasionally  absent,  is  much  agamst 
them,  for  here,  at  any  rate,  the  action  of  the  extract  must  be  exerted 
outside  the  gland.  Blum's  answer  to  this  objection,  that  the  cure  of 
myxoedema  can  only  take  place  through  an  increase  of  oxidation  processes, 
is  contrary  to  all  clinical  experience.  And  even  so,  Blum  admits  that 
the  increase  of  metabolism  induced  by  thyroid  extract  is  independent  of 
the  presence  of  thyroid  tissue.  It  may  further  be  argued  against  Blum's 
views  that  the  iodine  substance  which  possesses  a  specific  action  is  not, 
according  to  Oswald  and  others,  stored  up  in  the  cells  of  the  gland,  but 
is  contamed  in  the  colloid ;  the  "  toxine  "  to  be  dealt  with  would  therefore 
need  first  to  diffuse  into  this  coUoid,  and  then  to  undergo  a  purely  chemical 
process  of  neutralization  without  the  medium  of  the  cells  of  the  gland.^ 


The  Active  Substance  of  the  Thyroid  Gland. 

Only  a  short  risum6  of  the  most  important  facts  can  be  given  here. 
The  iodine  discovered  by  Baumann  is  only  found  in  organic  combioation, 
more  particularly  in  a  protein  molecule  (57).  This  protein  body,  the 
iodine-containing  thyreo-globulin  of  Oswald,  only  appears  in  the  colloid, 
and  not  in  the  cells  of  the  gland  [Hutchison  (57),  Oswald].  But  according 
to  Kocher,  goitres  which  are  free  from  colloid  occasionally  contain 
iodine  (57).  The  activity  of  this  iodine  substance  is  not  affected  by  the 
action  of  pepsin,  trypsin,  weak  alkalis,  and  strong  acids.  During  its 
digestion  iodine-containing  albumoses  are  produced  [Oswald],  and  these, 
according  to  Hutchison,  exert  a  feeble  action  in  mjrxoedema ;  and  also 

^  For  a  more  detailed  critioism  of  Blum's  yieivs,  see  Kraus  (55). 
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peptones,  which  Tambach  found  contained  iodine,  but  Oswald  found 
were  free  from  it.  Iodine-free  peptones  are  certainly  not  active 
[Hutchison].  The  specific  action  is  still  preserved  by  the  small  residue 
which  is  left  after  boiling  the  substance  with  hydrochloric  acid — ^the 
thyro-iodin  or  iodo-thjnrin  of  Baumann.  This  latter,  varying  as  it  does  in 
actual  iodine  content,  is  certainly  not  a  uniform  body.  But  if,  as  appears 
to  be  the  ease  judging  by  unanimous  clinical  and  experimental  results, 
this  body  possesses  full  activity,^  it  is  nevertheless  (according  to  Tambach) 
not  the  same  body  which  operates  in  the  organism ;  for  it  does  not 
arise  as  the  result  of  peptic  or  tryptic  digestion,  and  therefore  cannot 
be  formed  in  the  alimentary  canal  from  the  digestion  of  thjrroid  gland 
substance. 

But  we  must  admit  that  in  the  organism  itself  a  more  elaborate  dis- 
integration of  the  products  of  pancreatic  digestion  as  well  as  of  thyro- 
iodine,  may  well  take  place.  These  lower  disintegration  products  may 
either  themselves  retain  the  full  physiological  activity  of  the  thjrroid, 
or  they  may  regain  it  after  further  synthesis.  According  to  Oswald 
the  iodine  is  not  contained  in  the  tyrosin  molecule.  Mosse  and  Neu- 
berg  (59)  have  undertaken  investigations  which  tend  to  show  that  the 
iodine  of  the  iodized  protein  substance  is  contained  in  a  phenol  group. 

It  is  only  the  iodine-containing  products  of  the  thyroid  gland  which 
are  specificsdly  active  [Baumann,  Boos,  Hutchison,  Oswald,  and  others]. 
Neither  the  iodine-free  thyreoglobulin  of  Oswald,  nor  the  nudeo-protein 
of  Oswald,  nor  the  extractives  which  contain  FraenkeFs  thryeo-antitoxin, 
nor  the  basic  products  isolated  by  Drechsel  (62),  are  specifically  active 
[Baumann,  Boos,  Hutchison,  Magnus-Levy].    On  the  whole,  it  may  be 

^  The  physiological  activit j  of  any  substance  isolated  from  the  thyroid  gland  may 
be  tested  in  regard  to  the  following  points  : 

1.  Its  actions  upon  the  pulse  and  upon  the  heart  [Hellin,  Cyon,  and  others].  Definite 
results  are  only  obtained  by  the  use  of  large  doses  of  any  aotiye  substance. 

2.  Its  action  upon  nitroeen  (and  phosphorus)  metaoolism  [E.  Roosl*  f 


2.  Its  action  upon  nitrogen  (and  phosphorus)  metabolism  [E.  Roos],  and  especially 


reliable. 

3.  Its  effect  in  bringing  about  diminution  in  the  size  of  goitres  [Emminghaus  and 
Reinbach,  Roos]. 

4.  Its  action  in  the  myxoodema  of  man  [Maghus-Leyy,  Leichtenstem,  Kocher,  and 
others]. 

6.  Its  life-saving  influence  upon  thyroidectomized  animals. 

The  result  of  this  last  investigation  is  not  decisive  so  far  as  human  pathology  is  con- 
cerned. According  to  Wormser  and  Stabel's  careful  experiments  and  clinical  investiga- 
tions (68)  (contrary  to  other  authors),  no  single  substance  isolated  from  the  gland  is 
capable  of  imitating  the  action  of  the  gland  itself  in  saving  life  in  thyroidectomized 
ammals.  But  in  animal  experiments  a  condition  of  acute  tetany  has  to  be  dealt  with, 
and  thk  is  said  by  Moussu.  Vassale,  and  Generali  [followed  by  A.  Biedl  and  CSivostek 
(60),  A.  Pineles,  and  others]  to  depend,  not  upon  the  extirpation  of  the  gland,  but  upon 
removal  of  the  parathyroids  or  epithelial  bodies.  And  the  function  of  these  bodies  is 
very  different  from  that  of  the  thyroid  gland  (12a). 

Oonsidering  the  most  important  of  the  various  bodies  which  have  been  isolated  in 
the  light  of  these  tests,  the  activity  of  thyreogMnUin  has  been  proved  by  its  aotion  in 
nitrogen  metabolism  [Oswald],  upon  the  heart  [dJyon  and  Oswald],  and  upon  myxcsdema 
[Magnus-Levy] ;  thyro-iodine  has  satisfied  tests  1  to  4.  If ,  as  is  the  case  according  to  some 
authors  (61),  this  substance  acts  less  powerfully  than  does  the  total  thyroid  gland,  this 
is  not  a  point  of  serious  importance.  As  a  matter  of  fact,  we  do  not  possess  a  practical 
standaia  for  comparing  these  different  substances ;  the  standard  of  absolute  iodine 
content  is  not  wholly  satisfactory.  This  difficulty  is  increased  by  the  fact  that  the  sub- 
stances ai«  not  themselves  uniform  chemical  compounds.  Voit,  who  considers  the 
iodine  content  of  importance,  found  in  his  experiment  that  the  amount  of  iodine  in  the 
less  active  iodo-thynn  was  smaller  than  in  his  thyroid  extract  tabloids. 
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said  that  in  feeding  experiments  those  glands  which  are  rich  in  iodine 
have,  bulk  for  bulk,  a  better  action  than  those  less  rich  in  iodine  [Bau- 
mann,  Boos,  Oswald,  and  others].  But  it  is  impossible  to  decide  whether 
this  turns  upon  a  greater  iodine  content  of  the  thyreoglobuhn  or  upon 
a  larger  amount  of  thyreoglobulin  having  a  constant  iodine  content. 
For  it  is  impossible  to  separate  the  thyreoglobulin  that  contains  iodine 
from  the  thyreoglobulin  that  is  iodine-free  [Oswald],  and  even  the  chemical 
uniformity  of  iodine-thyreoglobulin  is  a  matter  of  doubt.  By  the  ex- 
hibition of  potassium  iodide  and  organically  combined  iodine  it  is  possible 
to  raise  the  iodine  content  of  the  thyroid  gland  in  the  body  [Baumann, 
Boos,  Blum,  Oswald].  With  this  rise  in  iodine,  too,  the  activity  of  the 
gland  substance  increases.  But  treatment  of  the  thyroid  gland  protein — 
or,  at  least,  of  the  thyro-iodine — ^with  iodine  in  vitro  appears  to  destroy 
its  special  properties  [Blum,  Boos,  Oswald,  Hutchison].  Contrary  to 
Blum's  statements,  other  artificially  iodine-treated  protein  substances 
possess  no  specific  properties.  Nor,  according  to  Baumann,  does 
Drechsel's  **gorgonin,"  the  iodine-containing  body  derived  from  coral. 
On  the  other  hand,  it  is  stated  by  Salomon  (62a)  that  the  substance 
"  korpulin,"  said  to  be  obtained  from  seaweed,  increases  the  nitrogenous 
metabolism  and  the  gas  exchanges  in  man,  and  thus  acts  in  a  manner 
similar  to  thyroid  substance. 

Iodine  tc^en  internally  as  a  salt  has  no  action  in  myxoedema;  it 
possesses  no  influence,  either  clinically  or  experimentally,  upon  meta- 
bolism [Magnus-Levy].  And  in  other  diseases,  and  in  healthy  persons, 
it  is  without  demonstrable  metabolic  effect.  [For  protein  metabolism 
see  Boekh  and  Cederkreutz ;  for  Of  and  00|  see  Magnus-Levy ;  for  OOt 
see  Bloch,  Cederkreutz  (63)]. 

Lastly,  pituitary  substance  has  no  influence  upon  the  gas  exchanges, 
nor  upon  the  clinical  picture  of  myxoedema  [Magnus-Levy ;  see  Acro- 
megaly].   The  same  may  be  said  of  ovarian  substance  [Hutchison  (64)]. 


The  Amount  of  Iodine  in  the  Thyroid  Gland. 

According  to  its  geographical  derivation,  the  normal  thyroid  gland 
of  man  contains  0*3  to  0-9  milligramme  of  iodine  per  gramme  of  thyroid 
substance,  or  from  2  to  9  milligrammes  of  iodine  in  the  whole  gland  (65). 
The  thyroid  glands  of  the  foetus  and  the  new-bom  are  free  from  iodine  (65), 
as  also  are  those  of  Zurich  calves  [Oswald].  Hen's  eggs  are  free  from 
organic  iodine  [Miwa  and  Stolzner]  even  when  the  hens  have  been  fed 
with  potassium  iodine  [Levene].  In  children  over  one  year  old — ^that  is, 
after  a  mixed  diet  has  been  commenced — ^iodine  appears  in  the  thyroid, 
but  only  in  small  amounts  [Baumann,  Jollin,  (}harrin,  Er.  Weiss].  Ac 
cording  to  Oswald,  the  iodine  content  of  the  thyroid  in  children  is  not 
relatively,  but  only  absolutely,  less  than  in  adults.  A  few  investigationa 
made  upon  the  iodine  content  during  old  age  showed  a  low  figure  [Bau 
mann,  JoUin].  During  pregnancy  the  amount  of  iodine  is  said  to  diminish 
considerably  [Mon6ry ;  Kocher  found  that  the  reduction  might  be  to  one- 
thirtieth  of  the  normal].    According  to  Baumann,  goitres  usually  contain 
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relatively  less  iodine  than  healthy  thyroids,  but  aooording  to  Oswald, 
Er.  Weiss  (05),  Mon^  (66),  and  A.  Kocher  (67),  they  often  contain 
absolutely  more,  the  amount  rising  to  6Q  or  even  to  100  milligrammes. 
Purely  parenchymatous  goitres  are,  on  the  other  hand,  entirely  free  from 
iodine  [Oswald],  or  only  contain  very  little  [Th.  Kocher  (67)].  Amongst 
this  latter  class  come  the  goitres  of  Graves'  disease  [Seligmann,  Oswald, 
E.  Gley].  Matthes  found  less  than  0*002  milligramme  per  gramme,  and 
Kocher  estimated  the  amount  as  one-thirtieth  that  of  normal  glands  (68).^ 
Purely  fibrous  goitres  are  also  free  from  iodine ;  so,  too,  are  any  parts  in 
a  condition  of  cystic  degeneration  (66).  Ewald  (69)  found  an  adeno- 
carcinoma of  the  thyroid  to  be  free  from  iodine,  but  the  metastatic 
deposits  contained  iodine.  Oswald  considers  that  the  iodine  content  of 
goitres  runs  parallel,  on  the  whole,  with  the  amount  of  coUoid  present, 
but  with  marked  colloidal  degeneration  the  iodine  is  relatively  diminished, 
or  may  even  disappear. 

The  highest  iodine  content  is  found  in  herbivorous  animals ;  the 
omnivorous  come  next ;  in  carnivorous  animals  the  iodine  content  is 
lowest,  and  may  be  absent  altogether  (70).  Whereas  iodine  feeding 
leads  to  the  appearance,  and  increase,  of  iodine  in  the  th3rroid  of  dogs, 
this  is  not  the  case,  according  to  Anselm,  in  cats,  in  whose  thyroids  no 
iodine  is  found  even  after  iodine  feeding.  [But  this  has  lately  been  denied 
by  Boeniger  (70)]. 

Iodine  in  (Mer  Organs. — ^At  first  it  was  stated  by  Baumann  (71) 
that  iodine  was  absent  from  most  other  situations  in  the  body.  More 
recently,  however,  it  is  said  to  have  been  demonstrated  in  several  organs. 
But  it  is  doubtful  if  all  investigators  have  worked  with  the  same  degree 
of  care  as  the  discoverer  of  the  thyroid  gland  iodine. 

Li  any  case,  the  iodine  content  of  all  the  organs,  with  the  possible 
exception  of  the  suprarenal  glands,  is  relatively  much  less  than  that 
of  the  thyroid.    I  find  the  following  facts  recorded  (71)  in  this  connection  : 

The  Pituitary  Body. — 'No  iodine  [Baumann,  Rositzky,  Paderi]  ;  some 
iodine  [Ewald,  Schnitder  (71)]. 

The  Thymua. — ^Very  little  iodine  [Baumann] ;  no  iodine  [L.  B.  Mendel 
(71)]. 

The  Muedes. — No  iodine  [Baumann,  Treupel,  Ziilzer] ;  a  little  iodine 
after  iodine  feeding  [F.  Blum  (71)]  ;  a  little  iodine  [Bourcet]. 

The  Spleen. — ^Barrel  found  an  amount  of  iodine  in  the  large  spleen  of 
cattle  which  was  absolutely  as  large  as  in  the  thyroid,  but  the  relative 
amount  was  much  smaller. 

The  Ovaries. — ^Barrel  found  some  iodine  in  the  ovaries  of  the  pig. 

The  Parathyroids. — ^According  to  Mendel,  the  parathyroids  of  man 
contain  absolutely  and  relatively  more  iodine  than  the  thyroid.  Chenu 
and  Morel  found  iodine  in  these  organs. 

The  Suprarenals. — Some  iodine  [Barrel]. 

The  Hair. — ^Usually  free  from  iodine,  but  the  administration  of 
iodine  increases  the  amount  considerably  [Howald,  Dreschsel  (71)]. 

The  Milk. — ^Iodine  is  present  or  absent  according  to  the  diet  [Bourcet]. 

^  A  larger  iodine  content  in  some  goitres  of  Graves'  disease  was  caused  by  iodine 
taken  as  a  drug. 
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Filially,  Justus  (71)  was  able  to  demonstarate  that  in  man  iodine  was 
present  in  the  liver,  kidneys,  and  ovaries,  but  that  the  iodine  content 
of  the  thyroid  was  always  eight  to  ten  times  as  high  as  of  the  organ 
next  richest  in  this  element.  Boeniger  has  more  recently  arrived  at 
similar  results. 

According  to  Nagel  and  Boos  (72),  bromine  is  not  found  in  the  thyroid, 
not  even  after  bromide  feeding.  But  Baldi  reports  a  positive  result 
in  this  respect,  both  as  regards  the  thyroid  and  the  pituitary  glands 
[Paderi  (72)]. 

ArsetUe  has  been  found  by  Gautier  and  Bertrand  in  the  thyroid  gland 
and  in  organs  developed  from  the  ectoderm,  and  Bertrand  has  confirmed 
this  in  deep-sea  animals,  in  whom  accidental  contamination  can  be 
excluded.  Gautier  concludes  that  this  element  is  excreted  by  the  hair 
in  man,  and  also,  in  the  female,  by  the  menstrual  blood.  The  presence  of 
arsenic  in  the  thyroid  is  denied  by  German  observers  [Hodlmoser  and 
others],  but  Bertrand's  analytical  technique  appears  to  have  been  very 
thorough. 

Some  Critical  Comments  upon  the  Secretion  Theory. 

Although  the  writer  accepts  the  secretion  theory,  and  admits  the 
doctrine  of  the  specific  value  of  the  organically  combined  iodine,  it  is 
weU  to  draw  attention  to  some  difficulties  in  connection  with  the 
theory. 

One  of  the  chief  defects  in  the  secretion  theory  is  due  to  our  inability 
to  estimate  the  amount  of  iodine  which  is  constantly  being  reformed  in 
the  thyroid  and  then  entering  the  body ;  we  are  only  able  to  measure 
the  amount  of  iodine  present  in  the  gland  at  any  given  moment.  Again, 
we  know  very  Uttle  about  the  varying  activities  of  different  substances 
of  unequal  iodine  content.  It  is  not  certain  that  every  milligramme  of 
this  or  that  "  substance  "  acts  specifically  in  the  organism ;  a  portion 
may  be  stored  up  by  its  undergoing  some  indifferent  chemical  combina- 
tion, or  it  may,  to  use  Ehrlich's  appropriate  word,  be  *'  diverted."  In 
this  case,  although  in  the  strict  chemical  sense  no  actual  destruction 
of  the  substance  could  take  place,  yet,  biologically  speaking,  it  would 
certainly  be  equivalent  to  a  destruction  :  there  would  be  an  annihilation 
of  its  specific  property.  We  are  ignorant  as  to  whether  the  active  sub* 
stance,  after  exerting  its  specific  action,  is  regenerated  (within  or  outside 
the  thyroid  gland),  thus  observing  a  continuous  circulation  similar 
to  that  proved  to  occur  in  the  case  of  the  bile  acids.  Some  of  these 
points,  the  enumeration  of  which  does  not  exhaust  the  uncertainties 
attaching  to  the  secretion  theory,  may  perhaps  be  discussed  somewhat 
more  fully. 

The  presence  or  absence  of  iodine  in  the  thyroid  gland  of  carnivorous 
and  of  suckling  animals  depends  upon  whether  or  not  their  diet  contains 
iodine.  In  order  to  establish  the  validity  of  the  iodine  secretion  theory, 
the  additional  hypothesis  must  be  added  that  but  very  small  quantities 
of  iodine  (which  their  diet  probably  gives  these  animals)  are  necessary 
to  the  formation  of  the  specific  th3rroid  substance,  by  way  of  constant 
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tranaformation  in  the  gland  and  subsequent  excretion  into  the  general 
circulation ;  for  these  minute  quantities  are  certainly  insufficient  to  admit 
of  a  storage  of  iodine  substance.  The  conditions  present  in  Graves' 
disease  require  a  very  different  explanation.  The  goitres  present  in  the 
disease  are  nearly  always  purely  parenchymatous,  are  poor  in  colloid,^ 
and  usually  also  poor  in  iodine  (vide  supra).  It  is  hence  assumed  that 
in  Graves'  disease  the  thyroid  is  unable  to  fix  sufficiently  well  the  iodine 
or  iodine  substance  [Kocher].^  But,  on  the  other  hand,  it  must  be  added 
that  the  gland  nevertheless  forms  continually  more  iodine  substance 
than  does  the  normal  organ.  Were  this  not  so,  the  daUy  excretion  of 
the  active  substance  could  not,  after  the  exhaustion  proceeding  in  the 
gland,  be  greater  than  in  health.^  It  is  tempting  to  consider  the  amount 
of  this  normal  secretion  as  being  the  smaJlest  quantity  which,  in  the 
cured  myxoedematous  patient,  just  suffices  to  prevent  a  recurrence  of 
the  disease — i.e.,  a  quantity  equivalent  to  about  3  milligrammes  of  organic 
iodine.  But  it  remcuns  a  question  whether  this  added  quantity  of  active 
substance  acts  as  a  whole  (after  S3mthesis  or  other  transformation), 
or  as  a  part,  the  other  (and  perhaps  the  bigger)  having  been  previously 
used  up  or  disintegrated.  This  conception  furnishes  one  possible  ex- 
planation why  thyroid  substance  derived  from  the  same  source  exerts 
such  marked  action  in  some  persons,  whilst  in  others  larger  quantities 
remain  entirely  inactive.  It  must  again  be  urged  that  an  arithmetical 
addition  of  iodine  substance  by  ingestion  to  that  already  found  in  the 
body  is  quite  a  different  procedure  from  that  taking  place  naturally. 
On  the  other  hand,  it  is  not  certain  that  all  the  secretion  of  the  thyroid 
gland  is  utilized  in  the  body  for  purposes  known  to  us.  It  is  quite 
possible  that  a  portion  of  it  is  set  aside  for  a  different  use,  and  therefore 
results  in  by-products  which  have,  as  yet,  been  lost  sight  of. 

If,  then,  the  purely  quantitative  relations  of  the  thyroid  secretion 
are  almost  totally  unknown,  and  are  much  too  complicated  to  allow  of 
our  following  out  a  theory  of  "  hyperthyreosis  "  in  all  its  details,  how 
much  less  does  our  knowledge  of  the  qualitative  deviations  in  thyroid 
function  enable  us  to  argue  a  theory  of  '*  dysthyreoais  "  ?    All  that  has 

^  Hamiff  assumos  that  in  patients  with  colloid-containing  goitres  the  colloid  degenera- 
tion 18  of  ouier  date  than  the  Graves'  disease*  the  symptoms  of  which  have  been  super- 
added. Such  colloid  goitres  have  been  obserred  by  Hamig,  Oswald,  Reinbach,  and 
others  (73a). 

*  Kocher,  for  this  reasoUf  speaks  of  Qrayes'  disease  as  a  condition  of  "  hypothyrea  "  ; 
this  seems  to  us,  in  relation  to  the  secretion  theory,  unwarrantable,  and  likety  to  lead  to 
confusion.  But  if  we  understood  this  author's  Munich  lecture  correctly,  Kocher  appears 
to  be  a  follower  of  the  doctrine  of  hyperthyreosis  in  Qraves'  disease.  The  ffoitre  of 
Giaves'  disease  certainly  does  not  lack  ability  to  store  iodine  in  organic  comoination 
if  given  in  sufficient  amount  in  the  diet.  Baumann  and  Oswald  (74)  were  able  to  demon- 
strate this  fact. 

*  Otherwise  it  would  be  necessary  to  assume  that  the  same  quantity  of  the  same 
"  iodine  substance  "  taken  up  by  the  body  acts  more  powerfully  in  (iraves*  disease 
than  in  health.  This  possibility  could  be  conceived  of  as  oocurrinff  in  di£Ferent  wa3r8. 
The  **  iodine  substancf^"  most  likely  exerts  its  proper  action  chemicimv  bv  the  formation 
of  a  more  or  less  stable  compound ;  but  we  may  imagine  that  (both  in  health  and  disease) 
the  activity  of  the  substance  is  not  exhausted  by  the  formation  of  one  compound — 
i.e.,  the  specifically  active  substance  might  become  liberated  and  act  again  several  times ; 
and  perhietps  in  Graves'  disease  this  action  occurs  more  frequentfy  than  in  health. 
True  this  and  similar  speculations  are  mere  hypo^eses,  for  whose  possibility  or  prob- 
ability we  cannot  vouch.  But  these  speculations  must  be  oonsidered  in  ezamininfl  the 
value,  and  in  noting  the  gaps  in  the  completeness  of,  the  "  iodine-seoretion  theory.' 
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hitherto  been  adduced  in  favour  of  such  a  view  is  but  speculation.  Such 
an  hypothesis  affords  as  yet  no  points  for  analytical  or  experimental 
investigation,  and  therefore  we  can  assign  no  value  to  it. 

Kocher  (75)  has  attempted  to  trace  the  fate  of  the  iodine  of  healthy 
and  goitrous  persons  by  observing  the  excretion  of  iodine  after  the  ad- 
ministration of  0-2  gramme  of  potassium  iodide.  In  some  goitrous 
subjects,  as  well  as  in  one  or  two  myxoadematous  patients,  Kocher  found 
a  higher  retention  of  iodine  than  in  health.  On  the  other  hand,  other 
observations  showed  an  actual  loss  of  iodine  by  the  body ;  in  these  cases 
the  goitres  diminished  in  size,  with  a  diminution  in  relative  and  absolute 
iodine  content.  But  the  absolute  quantities  of  iodine  given  off  from  the 
body,  or  retained  in  it,  were  much  too  large  to  refer  them  to  the  iodine 
changes  going  on  in  the  thyroid  gland — ^they  sometimes  amounted  to 
50  milligrammes  daily.  By  means  of  these  investigations  certain  valuable 
therapeutic  hints  may  have  been  gained,  but  no  satisfactory  explanation 
of  the  dependence  of  certain  pathological  appearances  upon  changes  in 
the  iodine  metabolism  has  been  arrived  at.  The  same  remark  may  be 
appUed  to  another  of  Kocher's  results.  This  investigator  found  a  certain 
antagonistic  relation  existing  between  the  phosphorus  and  the  iodine 
content  of  the  thyroid  gland,  the  one  rising  as  the  other  falls.  According 
to  Kocher,  an  increase  in  metabolism  of  phosphorus  causes,  especially 
in  Graves'  disease,  a  marked  increase  in  the  iodine  percentage  in  the 
gland — ^in  one  case  the  iodine  rose  from  0*008  milligramme  to  1*02  milli- 
grammes. With  this  increased  capacity  of  the  gland  for  iodine  fixation  the 
phosphorus  content  sank  about  40  per  cent. 
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Stoffwechselunter.  bei  einem  mit  Thyrojodin  behandelten  FalL  Mu.  m.  W.  1896. 
117. 

18.  RiCHTER:  Nr.  14. — Voir:  Stoffwechselunter.  am  Hund  mit  frischer 
Schilddruse  und  Jodcthyrin.  Z.  B.  85.  116.  1897. — Andbbsson  u.  Berg- 
BIANN:  Nr.  14. — Andebsson:  Einfl.  der  Schilddriisenbehandl.  bei  Myzodem. 
Sk.  Ar.  P.  14.  224.  1903.— Maonus-Levt  :  Nr.  2a.— Andebsson  :  Nr.  2.— 
Bleibtbeu  XT.  Wendelstedt:  Nr.  15.— ScbiOdte  :  Nr.  15.— SchOndomtf:  Einfl. 
der  Schilddruse  auf  den  Stoffw.    Ar.  P.  M.     67.    395.     1897. 

19.  Righteb:  Nr.  14.— Diebaixa  :  Nr.  10.— Mateb:  Einfl.  von  Nuklien- 
und  Thyreoideafiitterung  auf  die  Hamsaureaussoh.  D.  m.  W.  1896.  186. — 
David  :  Nr.  17.— Dbnnio  :  Nr.  14. — Pfeztfeb  tr.  Scholz  :  Nr.  14.— ^Ibsaj,  etc. : 
Nr.  17. 

20.  Rods:  Nr.  5.— Veb  Eecke:  Nr.  5.— Ibsai:  Nr.  17.— Scholz:  Nr.  14.— 
Andebsson  u.  Bebqmann  :  Nr.  14.— PrEUirEB  u.  Scholz  :  Nr.  14. — Btteboeb  : 
Nr.  14.— Sbnatob:  Nr.  17.— Richteb:  Nr.  14— Scholz:  Nr.  14.— Jaquet  u. 
Svenson:  Nr.  16.— A.  ScmEV:  Nr.  17. — Geoboiewsky:  Nr.  16. 

21.  See  the  authors  under  14  and  15.— ^Tikanadse  :  Thyreoidin  und  Ausnutz. 
des  Nahrungsfettes  beim  gesunden  Menschen.    Diss.    Petersb.,  1897 ;  and  Ma. 

1897.  486. 

22.  Maontts-Levy  :  Gaswech.  bei  Thyreoida,  etc.  B.  k.  W.  1896.  Nr.  30 ; 
Magnus-Levt:  Nr.  2a.— Thiele  u.  Nehbino:  Respirat.  Gaswech.  bei.  Thy- 
reoideapraparaten.  Z.  M.  80.  41.  1896.— ^St^yb  :  Respirat  Gaswech.  bei  Schild- 
driisenfutterung,  Morb.  Basedowii,  etc.  Festschr.  Stadt.  Krankenh.  1896. — 
Jaquet  u.  Svenson:  Nr.  15. — ^Andebsson  u.  Bebqmann:  Nr.  14.— Speck: 
Abktihlung,  lichtreizung  und  Stoffweohselbeschleunigung.     Z.  M.    48.    377.    1901. 

23.  Bbamwell:  (Nr.  1.  —  Notthaitt:  Artefizieller  akuter  thyreogener  M. 
Basedowii.  0.  i.  M.  1898.  353  f!.— Bbckeb:  D.  m.  W.  1896.  Nr.  37.— 
Jaenikb  :  Thyreoideaprap.  bei  einigen  seltenen  Krankheitsfallen.    C.  i.  M.     1901. 

24.  Bleibtbeu  u.  Wendelstedt:  Nr.  15.— Voit:  Nr.  18.— Block:  Einfl.  von 
Jod,  Thyrojodin  und  Thyraden  auf  den  Stoffw.  Diss.  Wurzb.,  1896.— SoHdN- 
DOBnr :  Nr.  18. 

3.  Gbavbs'  Disease. 

25.  General  TForibtf.- M6bius  :  Die  Basedow's  Krankheit,  Nothnagel's  Handb. 
1896.— BuscHAN :  Die  Basedow's  Krankheit  1896.— Mannheim  :  Der  Morbus 
Gravesii.  1894. — ^Bbamwell:  Ansemia,  etc.  1899. — ^Minnigh:  Das  Kropfherz. 
1904. 

26.  MtJLLEB:  Zur  Kennt  der  Basedow's  Krankheit..  D.  Ar.  M.  61.  335. 
1893. 

27.  I^Iagnus-Levy  :  Nrs.  22  and  2a.— STtrvE:  Nr.  22. — Sai^omon:  Gaswech- 
selunters.  bei  M.  Basedo^Wi.     B.  k.  W.     1904.    Nr.  24. 

28.  Speck  :  Nr.  22. 

29.  Hibschlaff:  Zur  Path,  und  Klin,  des  M.  Basedowii.  Z.  M.  86.  200. 
1899. 

30.  Lustio:  Stoffw.  bei  der  Basedow's  Krankheit.  Diss.  Wurzb.,  1890.— 
MuLLEB :  Nr.  26.— Toubbttb  bt  Cath^iinbau,  cit.  by  Mdsius :  Nr.  26.  P.  60. 
— Matthes:  Zum  Stoffw.  bei  M.  Basedowii.  V.  o.  M.  1897.  232.— Scholz: 
Nr.  14.— KooHEB :  Ueber  M.  Basedowii.    G.  M.  C.    9.    1902.    P.  141. 
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31.  BusoHAN :  Nr.  25.— MObius  :  Nr.  25.     P.  48.— Hibsohlaff  :  Nr.  29. 

32.  Mat:  Stoffw.imFieber.    Z.  B.    80.     1.     1893. 

33.  Daodi  ■  Mabohbtti  :  Ricambio  materiale  in  un  oaso  di  morbo  die  Flaiani. 
a  M.     1904.    Bi.  G.     1904.     752. 

34.  ScHBEiBBB  u.  Waldyoobl  :   Znr  Kenntnis  der  Hamsaureaussch.     £.  A. 
42.    69.     1899.— David  :  Nr.  17.— Kochbr  :  Nr.  30.     P.  141. 

35.  KooHBB :  Nr.  30.    P.  140.— Bbamwell  :  Nr.  25.     P.  400. 

36.  Chyobtbk:    Aliment.    GlykoBuhe   bei   M.    BasedowiL    W.  k.  W.     1892. 
Nr.  18. 

37.  BomKT  ET  SiLBTB,  oit  by  MObius  :  Nr.  25.    P.  60. 

38.  ScHBEiBKB  u.    Waldyooxl  :   Nr.  34.— Drsschfeld,  oit.  by  Bbahwsll, 
Nr.  25.    P.  400. 

39.  Hannsmann  :  Glvkosarie  und  Diab.  bei  M.  Basedowii.     Diss.    Berl.,  1895. 
-Schmidt  :  Diab.  mell.  bei  Basedow-Krankheit    Diss.    Wiirzb.,  1892. 

40.  KocHXB :  Nr.  30.    P.  144. 

41.  Boos :  Nr.  5. 

42.  Iesai,  Vas  u.  Gaka  :  Nr.  17.— Dinklbr  :  Nr.  17. 

42a.  Bxbbb  :  New  Semm  for  Exophthalmic  Goitre.    J.  A.  M.  A.     1906.    Nr.  7. 
— BoGBBS :  Specific  Sera  in  Goitre.    J.  A  M.  A.     1906.    Nr.  7. 


4.  Thtboid  and  Casbohydbate  Mstaboush. 

43.  HANKXHAmr :  Nr.  39.  —  Nauhyn  :  Diab.  mellitu^.  1898.  P.  77.  — 
ScmuoBSB  u.  Waldyoobl  :  Nr.  34.~Saloiion  :  Nr.  27.— Gbawitz  :  M.  Basedowii 
mitDiab.  mell.  F.  M.  1897.  849.— von  Noordbn  :  Die  Zuckerkrankheit.  1901. 
p.  49,— Kogheb  :  Nr.  30.    P.  140.— Buddb,  cit.  by  Hannbmann  :  Nr.  39. 

44.  LiTDWio  u.  Kraus  :  W.  k.  W.  1891.  Nrs.  46,  48.— Chyostbk  :  Nr.  36. 
-^TEAUSs:  Nenrogene  und  thyreogene  Glykosurie.  D.  m.  W.  1897.  275. — 
ZfJUBB,  oit.  by  Naunyn:  Nr.  43. — ^Fbibdhbim:  Nebenwirk.  der  Thyreoidea. 
Festschr.  B.  Schmidt.  1896.— Naunyn  :  Nr.  43.  P.  77  fF.— Maontts-Lbvy  :  Nr.  2a. 
P.  308  ff.— Koohbr:  Nr.  30.— yon  Noordbn:  Sohilddriisenther.  bei  Fettleibigen 
und  M.  Basedow.  Z.  p.  A  1896.  Nr.  1. — ^DitNor :  Glyoosurie  dans  la  mal.  de 
Basedow.    Thdse  de  Lyon.     1899. 

44a.  Poeqbs:  Zur  Wirk.  und  Nachwirk.  des  Schilddriisengiftes.  B.  k.  W. 
1900.    300. 

45.  EwALD :  Nr.  7. — ^Lorand  :  Rapp.  dn  diab^te  avec  I'acromeg.,  etc.  P.  m. 
1908.    Nr.  75. 

46.  Jakbs:  B.  M.  J.  1894.— Notthafft  :  Nr.  23.— Dbnnio:  Nr.  14.— 
YON  Noordbn  :  Nr.  44.— Fribdrbim  :  Nr.  44. — ^BIscl^b  :  Myxceddme  gu^ri,  etc. 
Meroredi  mML.     1894.    511. 

47.  Mawin  :  Die  Glykosurie  erzeugende  Wirk-  der  Thyreoidea.  B.  k.  W.  1897. 
512.— Strauss  :  Nr.  44.— yon  Noordbn  :  Nr.  44.— Bbttbiann  :  Einfl.  der  Schild- 
drusenbehandL  auf  den  Kohlenhydratetoffw.  B.  k.  W.  1897.  518.— Grawitz  : 
Nr.  43. 

48.  HiRBCHL :  Jb.  Pbych.  u.  Neurol.  1902.  Cit.  by  KnOpflmachbr  :  Aliment. 
Glykosurie  und  Myx5dem.    W.  k.  W.     1904.    244. 

49.  Caicfbell,  cit.  by  Busohan  (1):  Myzodem.  P.  69.— Juerobns  :  Nr.  13. 
—Bbamwell:  Nr.  25.  P.  311.— Maonus-Leyt:  Nr.  2b.  P.  206.— Luxenburo : 
N.C.     1908.    448. 

5.  THBORSnOAL. 

50.  See  Thorbl  :  Nr.  1,  and  B|edl  :  Nr.  1.— For  the  Theory  of  Secretion,  see 
Baumann,  Roos,  Oswald  :  Nr.  57  ff. 

51.  Cton  u.  Oswald  :  Physiol.  Wirk.  einiger  Schilddrtisenprodukte.  Ar.  P.  M. 
88.    199.     1901.— Oswald  :  Nr.  57. 

52.  ScHRYYBR :  The  Inlluenoe  of  the  Thyroid  on  Autolysis.  J.  P.  82.  169. 
1895.     BL  0.     1906.    662.— Wells  :  A.  J.  P.     11.    Nr.  4.     1904.     Bi.  C.     1904. 

53.  FoBMANBK :  Nr.  5.— Baldi  :  Ar.  i.  B.     81.    1899.     (Ma.     1899.    473.) 

54.  Hbbzbbroer:  Bi.  C.    1908.    193. 

55.  NoTKiN :  Ar.  p.  A.  144.  Suppl.,  246.  1896.— Blum  :  (a)  Halogenstoff- 
weeh.,  etc.    MtL  m.  W.    1898.    231 ;  (6)  Ueber  synthet.  daigestdlte  Spezifika. 
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XV.  K.  i.  M.  1897.  226 ;  (c)  Jodwirkimg  der  Schflddruse.  Z.  p.  a  26.  160. 
1898 ;  {d)  JodBubetanz  der  Schilddruse.  Ar.  P.  M.  77.  70.  1899 ;  (e)  SohUd- 
druse  als  entgiftendeg  Organ.    Ar.  P.  A    158.    495.    1899. 

56.  Baumaitk:  Nr.  57a  —  Miwa  u.  StOltznxb:  bt  Jod  ein  notwendiger 
Bestandteil  jeder  normalen  Schilddriifie  7    Ja.  K.    i5.    87.     1897. 

57.  BAUMAim  TT.  Roos :  Jod  im  Tierkorper.  Z.  p.  C.  (a)  21.  319 ;  (6)  21. 
481.  1895;  (c)  22.  1.  1896.— Tambagh  :  Chem.  deg  Jods  in  der  SchilddraBe. 
Z.  B.  86.  549.  1898.— Blum:  Nr.  56a.— Oswald:  (a)  Eiweisakorper  der 
Schilddruse.  Z.  p.  C.  27.  14.  1899 ;  (6)  Chem.  und  Physiol,  der  Schilddruse. 
Ar.  P.  M.  79.  450.  1900;  (c)  Thyreoglobulin.  Z.  p.  C.  82.  121.  1901. 
{d)  Thyreoglobulin.  Be.  P.  P.  2.  545.  1902 ;  (e)  Ghemie  u.  Physiol,  des  Kropfes. 
Ar.  p.  A.  169.  444.  1902;  (/)  Sammelreferat.  BL  C.  1908.  249.— Roos: 
(a)  Schilddruse  und  Stoffwechsel.  Z.  p.  C.  21.  19.  1895 ;  (6)  Wirk.  des  Thyro- 
jodins.  Z.  p.  C.  22.  18.  1896 ;  (c)  Jodothyrin.  Z.  p.  C.  25.  1,  242.  1898 ; 
(d)  Schilddruse.  Z.  p.  C.  28.  40.  1899 ;  (e)  Wirksame  Stoffe  der  Schilddruse. 
Mu.  m.  W.    1896.    539.— Hutchison  :  Beitr.  zur  Schilddrusenfrage.    C.  m.  W. 

1896.  Nr.  13 ;  J.  P.    20.    474,  and  28.    17a     1899.— Kooheb  :  Nr.  67. 

58.  Wobmsxb:   Exper.   Bcitr.   zur  Schilddriisenfraffe.    Ar.   P.  M.    67.    505. 

1897.  (Idteratnre.) — Stabil:  Jodothyrin*  etc.,  an  thyro-ektomierten  Hunden. 
B.  k.  W.     1897.    721. 

59.  MossB  u.  Nbubbbo  :  Physiol.  Abbau  des  Jodalbumins.  Z.  p.  C.  87.  427. 
1903. 

60.  Bibbl:  Nr.  1.— Ohyostkk:  Zur  Aetiol.  der  Tetanic.  W.  k.  W.  1905. 
968. 

61.  Gluzinsky  u.  Lembsbgxb:  Nr.  14.— Sghxtf:  Nr.  17.— Blooh:  Nr.  24.— 
VoiT :  Nr.  18.— Koohbb  :  Uber  Schilddruse.    23.    K.  i.  M.     1906. 

62.  Frasvkbl:  W.  k.  W.  1895.  Nr.  48;  and  W.  m.  B.  1896.  Nr.  13.— 
DssGHSBL :  Wirksame  Snbstanz  der  Schilddriise.    C.  P.    9.    24. 

62a.  Salomon  :  Korpulin.    G.  S.    2.    205.     1901. 

63.  BovxH :  Zersetz.  doe  Eiweisses  unter  dem  Einfluss  von  Eg  und  J.  Z.  B. 
5.  393.  1869.— Cbdkb€(BXUTZ  :  Beitr.  zur  Kennt.  des  N-Wechsels  bei  ^vphilis, 
Einwirk.  thorap.  Hg-  nnd  J-Gaben.  1902.  Maonus-Lxvt  :  Nr.  2  (a).— Blogh  : 
Nr.  24. 

64.  HuTOHisoN :  Nr.  57. 

65.  Baumann:  Nr.  57. — Oswald:  Jodgeh.  der  Schilddriisen.  Z.  p.  C.  28. 
265.    1897,  and  Nr.  57. — WmsH:  Jodgeh.  von  Schilddrusen  in  Schlesien.    Mu. 

'  m.  W.  1897.  6.— Chakbin  bt  Bourcet  :  Jodseh.  der  Gland,  thyr.  C.  r.  S.  B. 
52.  339.  (Ma.)— Msndbl:  Jod  in  Thymus  und  Schilddruse.  A.  J.  P.  8.  285. 
— ^MiWA  u.  StOltznsr:  Nr.  56.— Lxvenx:  Ma.  1901.  586.— Collin:  Jodgeh. 
schwodischer  Kropfe.    N.  m.  A.    Festband,  1897.    (Ma.)~KocHBB:  Nr.  67. 

66.  MonAby  :  Fonction  jod^  de  la  glande  thyroide.  Jo.  P.  19.  288 ;  and 
Bi.  C.     1904.    652. 

67.  Kochbb:  Zweites  Tausend  Krokfezstirpationen.  Ar.  k.  C.  64.  454. 
1901.— KocHSB :  AusBoheid.  des  Jods  bei  Strumen.    G.  M.  C.     14.    360.     1905. 

68.  Sbuomann,  oit.  by  Kocher:  Nr.  67.  P.  249.— Oswald  :  Nr.  57c.— 
Matthbs  :  Nr.  30.— Kochbb  :  Nr.  67.— Glby  :  C.  r.  S.  B.    53.    399. 

69.  EWALD :  Jodgeh.  des  Adenocaroinoms  der  Schilddruse.  W.  k.  W.  1896. 
186. 

70.  Baumann  :  Nr.  57a— Roos :  t)ber  die  Schilddriise.  Z.  p.  O  28.  40. 
1899. — Oswald  :  Nr.  57a— Ansblm:  Jodau£speicherung  nach  Jodfutterung.  Diss. 
Wiirzb.,  1900.— Kbaus  :  Nr.  1. 

71.  Baumann:  Nr.  57a  —  Rositzky :  Jodgeh.  von  Schilddrusen  in  Steier- 
mark.  W.  k.  W.  1887.  823. — ^Paderi  :  Vorkommen  von  Brom»  etc.  Ma. 
1899.  463.— Ewald  u.  Schnitzlxb:  W.  k.  W.  1896.  657.— Baumann  :  Ueber 
Thyrojodin.  Mu.  m.  W.  1896.  309.— Mendel:  Nr.  65.— Tbeupel:  Nr.  6. 
— ZtJLZEB:  V.  C.  M.  1897.  240.  Discussion.- Blum  :  Nr.  55.— Babbbl:  Jod 
in  Ovarien.  Pharmaz.  Ztg.  42.  130.  (Ma.  1897.  492.)— Chenu  u.  Mobbl: 
a  r.  S.  B.  66.  681.  1904;  Bi.  G.  1904.  685.— Howald  :  Jod  in  Haaren. 
Z.  p.  C.  28.  209.  1897.— Dbechssl  :  Jod  im  menschl.  Organismus.  C.  P. 
9.  24.  1896.— BouBCET :  C.  r.  S.  B.  182.  1364.  (Ma.  1901.  142.)-JusTUS : 
Physiol.  Jodffeh.  der  Zelle.  Ar.  p.  A  176.  1904.  (Bi.  O  8.  559.)— Bobnioeb, 
oit  by  Fb.  Kraxjs  :  S.  Nr.  1. 

72.  Naoel  u.  Roos  :  Exper.  Beeinflussbarkeit  des  Jodgehalta  der  Sohilddruse. 
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Eng.  A.     1902.    Suppl.    267.~Baij>i:  Brom  in  der  menfiohl.  Sohilddriise.    C.  P. 
12.    679.     1898.— Paobbi  :  Nr.  71. 

73.  Gautixb:  C.  r.  S.  B.  129.  929.  Fonction  menstruelle,  etc.  Rdle  de 
ran^nio.  C.  r.  S.  B.  131.  361.  Ma.  1900.  737.  Z.  p.  C.  36.  391.  1902. 
— Bbbtbakd:  An.  P.  16.  653.  17.  1.  1903.  —  HOdlmosbb:  Araen,  etc. 
Z.  p.  C.     83.    328.     1901. 

73a.  Hamio  :  Anatom.  Untersuch.  uber  M.  Basedowii.  Diss.  Ziirioh,  1897. — 
Oswald:  Nr.  67a  and  57b. — ^Reikbaph:  Oper.  Ther.  beim  M.  Basedowii. 
G.  M.  C.  6.  189.  1900.— C/.  also  KooHBBtNr.  67.  P.  216ff.,  229,  andTsoBBL: 
Nr.  1. 

74.  BAUXAim  :  Nr.  57a — Oswald  :  Nr.  57d. 

76.  KooHXB :  Anssoh.  des  Jods  bei  Strumen.    G.  M.  C.     14,    360.     1905. 


n.— ACROMEGALY. 

Unlike  the  results  of  investigatioiis  upon  metabolism  in  diseases  of 
the  thyroid  gland,  the  results  of  similar  observations  made  in  acromegaly 
serve  to  elucidate  but  few  of  the  clinical  features  of  the  disease,  and  help 
little  in  the  study  of  its  pathogeny. 

Neither  pathological  anatomy,  nor  experimental  pathology,  nor 
investigations  into  the  chemical  processes  taking  place  in  the  disease, 
su£Bce  to  establish  with  certainty  the  dependence  of  acromegaly  upon 
changes  occurring  in  the  pituitary  body.  And  if,  as  most  observers 
believe,  this  dependence  exists,  it  none  the  less  remains  wholly  unde- 
termined whether  we  have  to  deed  with  an  increase  or  with  a  decrease  in 
the  functions  of  this  organ. 

Li  some  patients  the  tissue  changes  during  rest,  so  far  as  the  figures 
for  oxygen  and  carbon  dioxide  are  concerned,  may  be  increased  [Magnus- 
Levy,  270  o.c.  0|  in  a  patient  of  52  kilogrammes — i.e.,  5*19  c.c.  0,  per 
kilogramme;  Salomon  in  two  cases  associated  with  diabetes].  The 
occasional  occurrence  of  bulimia  as  a  symptom  in  acromegalic  patients 
who  are  not  glycosuric  also  points  in  the  same  direction.  Li  other  cases, 
however,  which  have  been  studied,  the  gas  exchanges  were  certainly 
not  increaaed  [two  cases  by  H.  Salomon].  If  acromegaly  be  associated 
with  myxoedema,  the  exchanges  may  even  be  diminished  p^Iagnus-Levy]. 

Several  authors  have  noted  a  small  retention  of  nitrogen  [A.  Schiff 
in  a  case  associated  with  myxosdema ;  Moraczewski,  Franchini,  Edsall 
and  Miller],  and  have  explained  it  by  growth  of  tissues.  But  this  growth 
usually  takes  place  very  slowly,  and  the  explanation  is  not  satisfactory 
in  the  case  reported  by  Moraczewski,  where  a  retention  of  nitrogen 
persisting  for  several  weeks  was  associated  with  a  loss  of  weight  of 
3  kilogrammes. 

Retention  of  phosphorus,  calcium,  and  chlorides  has  been  observed 
by  Moraczewski  (for  several  weeks  a  daily  storage  of  1  gramme  of  phos- 
phorus), and  also  by  Edsall  and  Miller.  From  the  greater  retention  of 
phosporus  as  compared  with  calcium,  American  authors  have  supposed 
a  deposition  of  phosphorus  in  the  bones  and  soft  parts.  Franchini  found 
that  nitrogen,  Ume  and  magnesia  were  retained  at  the  same  time  that 
phosphorus  and  chlorine  were  lost. 
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Urea  was  found  in  Moraczewski's  case  to  be  relatively  increased 
(80  to  96  per  cent,  of  the  total  nitrogen),  ammonia  increased  (3  to  4  per 
cent.),  and  uric  acid  about  normal  (1  to  2  per  cent.).  Franchini  found 
that  the  uric  acid  excretion  varied  from  0-6  to  1-8  grammes,  and  that  the 
sulphur  derivatives  were  excreted  in  normal  amounts. 

That  there  are  relations  existing  between  the  hypophysis  cerebri 
and  other  glands  of  the  hflemopoietio  system — ^however  mysterious  these 
relations  may  be — ^is  certain.  And  these  relations  are  seen  best  in  the 
case  of  the  thyroid.  Some  of  the  symptoms  of  Graves'  disease  or  of 
myxoedema  frequently  appear  in  the  course  of  acromegaly.  Of  special 
interest  in  connection  with  metabolism  is  the  sweating  which  is  fre- 
quently present,  the  increased  oxidation  proved  to  occur  in  some  cases, 
and  the  oft-noted  occurrence  of  mild  or  severe  grades  of  diabetes.  All 
these  manifestations  suggest  analogies  with  Graves'  disease.  The 
glycosuria  which  occurs  with  acromegaly  is  etiologically  rather  obscure. 
Loeb  and  Naun3m  conceive  of  a  cerebral  form  of  diabetes,  while  Hause- 
mann  and  others  describe  a  pancreatic  form.  The  diabetes  we  are  now 
considering  has  no  clinical  distinctions  nor  metabolic  features  different 
from  those  of  ordinary  diabetes. 

Feeding  with  increased  quantities  of  pituitary  extract  produces  no 
rise  in  the  gaseous  exchanges  of  healthy  persons  [Salomon],  and  little 
or  no  rise  in  patients  suffering  from  acromegaly  [Magnus-Levy,  Salomon], 
or  from  myxcedema  [Magnus-Levy].  The  excretion  of  nitrogen  remains 
practically  unaltered  in  healthy  persons  under  these  conditions  [A. 
Schiff] ;  in  acromegaly  it  rises  more  or  less  [Schiff,  Franchini,  Moraczew- 
ski].  Li  Schiff's  cases  the  phosphorus  excretion  was  also  somewhat 
increased,  but  this  was  not  observed  in  Moraczewski's  cases.  Acromegalic 
patients,  according  to  both  these  authors,  respond  to  thyroid  treatment 
in  much  the  same  way  as  healthy  persons. 

There  is  no  doubt  that  the  influence  of  the  pituitary  body  upon  meta- 
bolism is  much  less  marked  than  that  of  the  thyroid.  And  when,  in  an 
acromegalic  patient,  an  increase  of  metabolic  changes  is  found,  this  should 
be  referred  to  associated  disease  of  the  thyroid  rather  than  disease  of 
the  hypophysis  cerebri  [Magnus-Levy].  It  should  also  be  noted  that 
in  practice  the  use  of  pituitary  extract  in  the  treatment  of  acromegaly 
has  less  effect  than  the  use  of  thyroid  preparations  [M.  Sternberg]. 
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m.— ADDISON'S  DISEASE. 

The  Buprarenal  glands  have  been  proved  by  experimental  pathology 
to  be  neceBsary  for  life ;  removal  of  them  causes  death  in  a  few  days. 
Apart  from  a  few  good  results  obtained  in  the  treatment  of  Addison's 
disease,  however,  experimental  therapeutics  have  as  yet  found  no  ade- 
quate substitute  for  the  missing  organs.  The  production  of  adrenalin 
by  the  medullary  substance  of  the  suprarenal — ^the  presence  of  which 
body  in  the  blood  of  the  gland  may  be  accepted  as  proved — ^is  not  the 
only  function  of  the  organ ;  Biedl  and  others  regard  the  cortex  as  of 
still  greater  importance,  supposing  that  it  possesses  the  function  of 
neutralizing  various  noxious  principles  arising  in  the  body. 

No  observations  have  yet  been  undertaken  with  a  view  of  explaining 
the  immediate  relations  existing  between  the  suprarenals  and  human 
metabolism.  It  is  true  that  Blum  looks  upon  bronzed  diabetes  as  a 
form  of  suprarenal  diabetes,  but  this  is  not  the  case.  In  this  connection 
should  be  mentioned  the  property  of  raising  the  blood-pressure  possessed 
by  adrenalin  [Oliver  and  Schaefer],  the  experimental  relations  existing 
between  the  glands  and  arteriosclerosis,  and  the  glycosuria  which  occurs 
after  the  administration  of  adrenalin  [Blum].  One  other  matter  deserves 
conmient :  Neusser  denies  the  immediate  dependence  of  pathological  pig- 
mentation upon  disease  of  the  suprarenals.  But  feeding  with  suprarenal 
gland  has  caused  the  spots  present  in  a  series  of  cases  to  become  lighter, 
or  even  to  disappear  for  longer  or  shorter  periods ;  this  observation 
has  thus  made  the  hitherto  doubtful  dependence  quite  certain. 

It  will  sufiBce  merely  to  indicate  the  chief  results  which  have  followed 
the  few  metabolic  investigations  that  have  been  made. 

In  surveying  these  metabolic  researches  the  impression  is  obtained 
that  Addison's  disease  patients — ^usuaUy  persons  in  a  reduced  state  of 
nutrition— can  easily  hold  their  ground  upon  a  normal,  or  even  upon  a 
rather  spare,  diet  [Kolisch  and  Rchler,  Martin  Jacoby,  M.  Pickardt, 
Martin  Kaufmann,  Marchetti  and  Stefanelli,  Allaria  and  Varannini]. 
They  generally  gain  in  nitrogen,  weight,  and  richness  of  ash  upon  a  full 
diet  [Senator,  Vollbracht].  The  '*  metabolic  iSash-point  "  is  therefore  not 
raised.  Food  assimilation  in  the  intestine  is  normal,  only  being  dis- 
turbed if  diarrhoea  is  present  [Jacoby],  but  bad  utilization  of  fat  has  been 
noted  by  Pickardt.  According  to  Senator,  Kaufmann,  and  Allaria, 
the  administration  of  suprarenal  extract  hinders  absorption,  but  Pickardt 
arrived  at  the  opposite  conclusion.  Again,  the  observations  of  Senator, 
Pickardt  and  Allaria  showed  a  prejudicial  effect  of  the  substance  upon 
the  nitrogen  balance,  whilst  those  of  Kaufmann  showed  a  favourable 
one.    Just  as  upon  the  clinical  picture,  so  upon  metabolism,  the  extract 
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aots  yariably  in  different  oases ;  but  its  effect  is  mnch  weaker  than  that  of 
the  thyroid  gland. 

With  regard  to  the  excretion  of  urea,  uric  acid,  and  ammonia,  normal 
percentages  were  found  by  Neusser's  pupils,  Kolisch  and  Freund ;  but 
low  values  for  uric  acid  and  creatinin  are  noted  by  Leva  (upon  what 
diet  ?).  VoUbracht  records  an  instance  of  lime  and  magnesia  retention 
running  parallel  with  a  nitrogen  retention,  the  body  losing  phosphorus 
at  the  same  time. 

Several  of  the  older  references  to  the  presence  of  taurocholic  and 
hippuiic  acids,  neurin  and  **  fatty  acids  "  in  the  urine  of  patients  with 
Addison's  disease  have  partly  lost  their  value  and  partly  require  con- 
firmation. 

Mosse  found  that  extracts  of  organs  from  oases  of  Addison's  disease 
were  toxic  when  injected  into  animals.  And  after  extirpation  of  the 
suprarenals  similar  results  were  obtained  by  the  use  of  the  organs  from 
the  affected  animals.  But  from  these  bald  facts  to  the  isolation  of  the 
"  toxines  "  of  normal  metabolism,  supposed  to  be  neutralized  by  the 
suprarenal  gland,  is  a  far  cry. 

During  certain  intoxications,  such  as  those  of  phosphorus-poisoning 
and  diphtheria,  during  ursemia  and  some  acute  infections,  as  in  Addison's 
disease,  adrenalin  may  disappear  from  the  suprarenal  glands  [Luksch]. 
Further  investigations  along  the  line  of  this  discovery  are  certainly 
indicated,  and  may  lead  to  important  results. 
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CHAPTER  XI 
THE  RARER  DISTURBANCES  OF  PROTEDT  METABOLISM 

Bt  gabl  neubebg,  beblin. 

Tbanslatid  bt  W.   H.   Hubtlbt,   D.So. 

As  with  carbohydratee  and  fats,  bo  with  protein  substanoeB  and  their 
cleavage  products,  no  more  than  traces  pass  into  the  urine  in  the  normal 
individual.  Under  pathological  conditions,  it  is  true,  smaU  amounts 
of  these  substances  are  occasionally  met  with  in  the  urine,  as  in  acute 
yellow  atrophy  of  the  liver,  phosphorus-poisoning,  and  in  metabolic  dis- 
turbances such  as  diabetes  and  gout,  and  in  leuchsemia  and  pneumonia,  etc. 
Anomalies,  however,  which  are  in  their  essence  dependent  on  a 
chemically  closely  circumscribed  disturbance  of  protein  metabolism,  are 
rare ;  only  three  of  this  express  kind  are  known — cystinuria,  diaminuria, 
and  alkaptonuria. 

I.— CYSTINUMA. 

1.  GeneraL 

The  first  detailed  researches  on  the  excretion  of  cystin  which  took 
account  of  its  chemical  nature  are  those  of  Baumann  and  von  Udr&nzki  (1). 
In  this  anomaly  the  cystin  appears  in  the  urine  partly  as  sediment  and 
partly  in  solution.  Baumann  and  his  fellow-workers  (2)  thought  they 
had  abeady  cleared  up  the  constitution  of  cystin.  Cystin  was  first 
observed  in  1810  by  Wollaston  (3)  in  a  urinary  calculus,  then  more 
closely  examined  by  Thaulow  (4),  as  well  as  by  Kiilz  and  Mauthner  (4). 
But  the  investigation  of  cystin  entered  on  a  new  phase  when  von  Momer 
(6)  recognised  it  as  a  constituent  of  almost  all  protein  substances,  and 
thus  made  the  possibiUty  of  an  accurate  examination  of  it  a  matter  inde- 
pendent of  its  rare  occurrence  in  calculi  and  in  the  urine  of  the  cystinuric. 

Simultaneously  and  independently  of  one  another,  C.  Neuberg  (7) 
and  £.  Friedmann  (8)  showed  that  the  old  views  as  to  the  constitution 
of  cystin  were  incorrect,  and  that  the  formula 

CHa.S      —     S.CHa 

GH.NHt  CH.NHt 

OOOH  OOOH 

must  be  ascribed  to  it. 

1021 
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The  first  indioatioiis  of  the  presence  of  isomeric  cystins  in  the  protein 
molecule  are  due  to  K.  A.  H.  von  Momer  (9).  Neaberg  and  Mayer  (10) 
came  to  the  conclusion  that  in  many  cystin  cidculi  there  is  an  isomer  which 
differs  from  the  typical  protein  cystin.^  Nevertheless  there  doubtless 
occur  cystin  calculi  of  ordinary  cystin  [C.  H.  Rothera  (11),  McEim 
Marriott,  and  C.  6.  L.  Wolf  (12)],  and  the  question  of  isomerism  is  not  yet 
finaUy  settled  [E.  Pischer  and  U.  Suzuki  (13)]. 


2.  The  Behaviour  of  Cystin  in  Hormai  Metabolism. 

Like  the  products  of  hydrolysis  of  all  true  protein  substances,  cystin  is 
an  amino-acid ;  but  it  occupies  a  special  position  in  so  far  as  it  contains 
an  important  mineral  substance,  namely,  sulphur.  Sulphur  is  present 
in  the  proteins  in  two  forms,  one  firmly  combined  (oxidized),  and  the  other, 
the  predominating  amount,  in  an  easily  separable,  not  oxidized,  form. 
The  quantity  of  the  latter  is  almost  completely  covered  by  the  quantity 
of  cystin  which  can  be  prepared  from  the  protein  substances.  Many 
circumstances  point  to  the  conclusion  that  the  sulphur  present  in  the 
so-called  oxidized  form  has  nothing  to  do  with  the  protein  molecule 
proper,  but  that  in  this  case  there  is  at  most  an  ester-like  combination 
of  the  protein  molecule  with  sulphuric  acid.'  Accordingly  the  sulphur 
which  enters,  in  true  organic  binding,  into  the  metabolic  changes  is  for 
the  most  part  present  in  the  cystin  group,  and  it  is  clear,  therefore,  that 
cystin  plays  an  essential  part  in  the  sulphur  metabolism. 

The  relationships  so  expressed  become  evident  in  the  ratio  between 
the  cystin  and  the  intermediate  and  final  sulphur  product.^ 

Sulphur  is  present  in  urine  in  four  different  kinds  of  combination : 
as  sulphate,  as  ethereal  sulphate,  as  neutral  sulphur,  and  in  many  cases 
as  a  basic  compound.  All  these  forms  are  transformation  products  of 
cystin. 

When  cystin  is  given  it  does  not  pass  as  such  into  the  urine.  In  the 
dog,  Goldmann  (14),  after  feeding  with  2*02  grammes  cystein^  hydro- 
chloride, observed  that  two-thirds  of  its  sulphur  was  excreted  as  sulphate 
and  one-third  as  so-called  neutral  sulphur.    A  considerable  part  of  the 

^  The  chief  part  of  the  cystm  which  arises  from  the  hydrolysis  of  protein  crystallises 
in  six-sided  tables ;  the  cystin  of  cystin  urine  almost  always  shows  this  same  crystalline 
form.  A  needle-shaped  form  of  cystin  is  also  obtained  from  horn  as  well  as  from  many 
cystin  calculi  (see  Literature,  9  and  10). 

^  On  this  view  the  binding  of  the  oxidized  sulphur  would  correspond  in  some  measure 
to  the  joining  up  of  phosphoric  acid  through  the  prosthetic  group  in  the  nudeo-proteins. 

^  Whether  cystin,  as  may  be  conjectured,  also  stands  in  relation  to  the  thiocyanio 
acid  (SHGN)  metabolism  has  not  yet  been  investigated. 

^  All  sorts  of  reducing  agents  transform  cystin  (a)  with  extraordinary  ease   into 


cystein  (6) : 


a.  5. 

CH«S     —    SCH,  CHj.SH 

CH.NH,        CH.NHj  ±  H,        Z       ^       2CH.NH, 


OOOH  OCX)H  OOOH 

Cystein  {=  a.amino-/3-thiopropionio  acid),  on  the  other  hand,  is  very  easily  oxidized 
again — e.g.^  even  in  air — to  cystin,  the  corresponding  disulphide. 
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latter  consists,  according  to  Wohlgemuth  (16)  of  hyposulphites,  the  source 
of  which  is  therefore  likewise  cystin.  In  fact,  cystin  also  passes  easily 
on  oxidation  in  alkaline  solution  eodbra  corpus  into  hyposulphurous  acid 
[L.  Spiegel  (16),  C.  Neuberg  and  P.  Mayer  (10)].  According  to  the 
researches  of  L.  Blum  (17)  on  rabbits  and  dogs,  and  also  of  A.  Loewy 
and  G.  Neuberg  (18)  and  of  C.  H.  Bothera  (11)  on  men,  the  oxidative 
transformation  of  cystin  sulphur  is  complete. 

Of  the  commoner  volatile  organic  sulphur  compounds,  among  others, 
methyl  mercaptan  (CH3SH)  is  probably  present  in  the  intestinal  gases, 
in  addition  to  H^S.  Abel  (19)  found  it  possible  to  obtain  one  such 
compound  by  treating  dog's  urine  with  alkalis ;  he  considered  it  to  be 
ethyl  sulphide  (C^Hg)^.  Now  there  is  obtained  from  cystin  by  heating 
it  under  pressure  a  mixture  of  gases  smelling  like  ethyl  sulphide  and 
mercaptan  [Neuberg  and  Mayer  (20)],  and  J.  Wohlgemuth  (15)  was  able 
to  show  that  sulphuretted  hydrogen  and  methyl  mercaptan,  as  well  as 
ethyl  sulphide,  arise  by  the  bacterial  decomposition  of  cystin.  Finally, 
the  antecedent  substance  from  which  the  ethyl  sulphide  of  dog's  urine 
is  set  free  by  action  of  alkali  is,  according  to  Neuberg  and  Grosser  (21), 
a  salt  of  a  basic  sulphur  compound— diethylmethylsulphinium  hydroxide, 

(G2H()iS^^^.    Presumably  its  formation  is  to  be  explained  in  such 

wise  that  ethyl  sulphide  is  produced  owing  to  putrefactive  changes  in 
the  intestine  from  a  part  of  the  sulphur  group  of  the  protein  substances, 
and  is  reeorbed  and  undergoes  physiological  '*  methylation."  Perhaps, 
too,  the  methylated  compound  arises  directly  in  the  organs. 

Free  cystin  had  repeatedly  been  found  in  organic  tissues  before  its 
discovery  as  a  protein  fraction — ^namely,  by  Scherer  (22)  in  a  man's  Uver, 
by  E.  Drechsel  (23)  in  the  same  organ  in  the  horse  and  dolphin,  and  by 
Ooetta  (24)  in  an  ox's  kidney.  The  investigation  of  the  constitution 
of  cystin  has  alone  prepared  the  way  for  the  recognition  of  its  relations  to 
organ  metabolism  proper,  while  those  occasional  discoveries  were  unable 
to  give  any  impulse  in  this  direction. 

C.  Neuberg  (7)  had  found  that  cystein  (6),  by  oxidation,  passes  into 
isethionic  acid  (a),  and  it  had  been  shown  by  £.  Friedmann  (8)  that 
cystein  (6),  by  oxidation,  can  be  transformed  first  into  cysteic  acid  (c), 
and  subsequently  by  splitting  off  of  CO,  into  taurine  (d) : 

6.  e.  d. 

CH..8H  CHj.SOAl  CH,.SO,H 

CH.NH,       >     CH.NH,      >     CH,.NH, 

CO .  OH  CO .  OH 

The  relationships  to  taurine  and  to  isethionic  acid,  which  stand  to  each 
other  in  the  relation  of  amino-  to  oxy-acid,  then  completely  cleared  up 
the  important  part  played  by  cystin  in  the  metabolism  of  bile. 

6.  von  Bergmann  (25),  by  means  of  experiments  on  a  dog  with  a  biliary 
fistula,  adduced  the  proof  that  the  bib'ary  constituent  taurine  does  arise 
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from  cystin  when  cholalic  acid  is  at  its  disposal  for  union  with  it.  On 
feeding  herbivora  with  cystin,  J.  Wohlgemuth  (16)  observed  an  increase 
of  the  biliary  sulphur,  even  without  the  addition  of  cholalic  acid. 

Whether  the  synthesis  of  taurochoUc  acid  succeeds  with  taurine  as 
such,  or  whether  the  cystin  and  biliary  acids  first  yield  an  intermediate 
product  which  is  subsequently  oxidized  to  taurochoUc  acid,  remains  as 
yet  undecided.  L.  Blum  (17)  found  that  Uver  pulp  in  presence  of  de- 
fibrinated  blood  is  without  action  on  cystin.  After  injecting  the  latter 
into  the  mesenteric  vein,  Blum  also  noticed  in  the  bile  a  body  which 
containedsulphurthat  could  easily  be  split  off — ^the  so-called  cystin  sulphur 
— and  at  the  same  time  gave  the  cholio  acid  reaction.  It  may  be  that 
this  result  speaks  in  favour  of  the  second  of  the  above  assumptions. 


3.  The  Chronic  Excretion  of  Cystin. 

The  limit  of  oxidation  for  cystin,  just  as  for  other  amino-acids,  is 
quite  high ;  this  follows  consistently  from  the  experiments  of  Wohlge- 
muth, Bothera,  and  Blum,  already  mentioned.  The  last-named  authors 
found,  indeed,  that  even  on  inundating  the  intestine  to  the  Umit  of  toxicity 
there  resulted  no  excretion  of  cystin  in  the  urine.  No  alimentary 
cystinuria  which  could  possibly  be  compared  to  an  alimentary  glycosuria 
has  ever  been  described. 

But  cases  of  true  chronic  cystinuria  are  relatively  numerous.  In 
view  of  their  essential  similarity,  there  is  no  occasion  to  describe  them 
one  by  one.  The  clinical  description  of  these  cases — if  there  can  be  said 
to  be  one  at  all — ^has  been  thoroughly  done  by  Loebisch  and  W.  Eb- 
stein  (26). 

The  quantity  of  cystin  excreted  in  cystinuria  varies  from  quantities 
barely  recognisable  to  as  much  as  1*5  grammes  per  day.  Apart  from  the 
excretion  of  cystin,  the  composition  of  the  urine,  which,  it  may  be  noted, 
very  often  shows  a  weak  alkaline  reaction  even  when  quite  frc»h,  may  be 
otherwise  completely  normal  [Loewy  and  Neuberg  (18)] ;  but  there  are 
also  cases  known  in  which  the  urea  was  below  the  normal  [E.  Bodtker  (27)], 
others  in  which  the  ammonia  was  diminished  [C.  Alsberg  and  0.  Folin  (28)], 
while,  conversely,  McKim  Marriott  and  C.  G.  L.  Wolf  (29)  observed  that  it 
was  increased.  Similar  variations  have  been  alleged  of  the  excretion  of 
creatinin  and  uric  acid.  The  frequently  alleged  increase  of  the  neutral 
sulphur  at  the  expense  of  the  inorganic  sulphates  is  a  matter  of  uncer- 
tainty, inasmuch  as  from  the  statements  in  the  Uterature  it  is  not  evident 
that  the  alleged  increase  is  not  due  to  an  error  arising  from  cystin  remain- 
ing in  solution.  E.  Bodtker  (27)  has  also  observed  uncombined  sulphur- 
etted hydrogen  in  solution  in  the  urine. 

Pystinuric  cases  permit  of  a  natural  division  into  two  categories : 
those  which  are  accompanied  by  excretion  of  diamines,  and  those  which 
are  not.  But  as,  apparently,  just  as  many  cases  are  known  with  as  with- 
out simultaneous  diaminuria,  and  diaminuria  also  appears  without  any 
cystinuria  whatever,  diaminuria  must  be  considered  as  a  separate  anomaly 
(see  the  following  section). 
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4.  Etiology  of  Cystlnarla. 

CTstinuria  is  a  metabolic  diflturbance  which  may  make  its  appearance 
at  any  time  of  life  in  males  or  females,  perhaps  somewhat  oftener  in  the 
former.  Thompson  found  it  in  a  man  eighty-one  years  old,  Bodtker  (27) 
in  a  boy  of  eleven  years,  and  Abderhalden  (30)  in  a  child  of  one  and  three- 
quarter  years.  In  the  latter  case,  which  was  examined  post-mortem 
at  the  Basle  Pathological  Institute,  there  was  a  notable  cystin  diathesis, 
which,  according  to  Kaufmann,  is  unique  of  its  kind,  for  the  internal 
organs  (liver,  kidneys)  were  in  part  thickly  covered  with  cystin  deposits 
which  were  visible  to  the  naked  eye. 

The  relatively  frequent  hereditary  character  of  cystinuria  is  remark- 
able. It  has  been  repeatedly  observed  through  several  generations, 
and  in  children  of  the  same  parents  ;  this  disposition  of  families  was  quite 
early  recognised  [F.  Toel  (31),  Marcet,  Pfeiffer  (32),  and  Gohn  (33), 
Abderhalden  (30)]. 

Cystinuria  has  often  been  alleged  to  have  relationships  to  other 
diseases — thus  to  articular  rheumatism  [Ebstein  (26)];  to  gout,  to 
cirrhosis  of  the  liver  and  acholia  [Morawsky].  But  cases  presenting  not 
the  slightest  clinical  peculiarity  have  been  observed  still  oftener,  and  as, 
moreover,  the  causal  connection  between  those  affections  and  this  meta- 
bolic anomaly  has  not  yet  been  established,  cystinuria  must  be  considered 
as  a  metabolic  disturbance  sui  generis. 


6.  The  Relations  of  Cystinuria  to  Protein  HetabolisnL 

Prior  to  the  time  when  cystin  was  found  to  be  a  product  of  the  dis- 
integration of  protein  substances  it  had  been  conjectured,  on  the  ground 
of  its  content  in  sulphur  and  nitrogen,  that  it  might  be  a  product  of  the 
intermediate  protein  metabolism.  The  explanation  which  von  Udr4nzki 
and  Baumann  gave  of  its  excretion  corresponds  in  principle  to  that 
which  is  familiar  to-day  for  the  appearance  of  conjugation  products 
of  glycuronic  acid  and  of  glycocoU  in  urine.  Like  the  latter,  it  should 
normally  be  further  oxidized,  and  only  in  presence  of  definite  bodies 
should  it  be  intercepted.  These  authors  considered  these  binding  sub- 
stances to  be  the  previously  mentioned  diamines,  especially  putrescine 
and  cadaverine,  which  they  had  found  in  the  urine  and  in  the  faeces 
of  a  cystinuric  patient  [c/.  also  (35)].  The  formation  of  the  diamines 
was  supposed  to  be  brought  about  by  specific  bacteria  in  the  digestive 
tract  by  an  extraordinary  chronic  intestinal  mycosis.  The  resorbed 
part  of  the  cadaverine  and  putrescine  was  supposed  to  protect  the  cystin 
from  combustion,  just  as  benzoic  acid  does  glycocoll,  by  entering  into 
a  loose  combination  which  decomposes  again  aiter  passing  through  the 
kidneys. 

Serious  difficulties,  however,  have  opposed  themselves  to  this  in- 
terpretation of  cystinuria.  First,  numerous  cases  have  been  described 
without  simultaneous  diaminuria,  and,  conversely,  diaminuria  occurs 
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in  malaria,  and  in  the  conditions  brought  about  by  the  cholera  vibriones 
and  the  Finckler-Prior  bacillus,  without  cystinuria  having  ever  set  in, 
any  more  than  it  does  when  diamines  themselves  ars  administered 
[Baumann  and  Udr4nzki  (1)]. 

Further,  in  an  hereditary  constitutional  anomaly,  an  intestinal 
mycosis  of  such  a  chronic  character  is  in  the  highest  degree  improbable, 
and  we  surely  ought  to  be  able  to  contend  against  it  with  intestinal 
disinfectants ;  but  neither  B.  Mester  (36)  with  salol,  nor  Bodtker  (27) 
with  resorcin,  could  perceive  any  influence,  and  just  as  fruitless  were 
the  labours  of  other  authors  in  this  direction. 

Besides,  cases  are  known^ — ^for  example,  Bodtker's  (27) — ^in  which 
the  diaminuria  vanished  while  the  cystinuria  persisted. 

By  a  long  series  of  experiments  it  has  been  ascertained  that  cystinuria 
is  largely  independent  of  diet  (36,  37).  Alsberg  and  FoUn's  (28)  patient, 
who  excreted  cystin  uninterruptedly  after  a  period  of  thirteen  days  on 
a  diet  practically  free  from  nitrogen,  is  another  example  of  this  fact. 
On  the  ground  of  the  behaviour  of  crystalline  products  from  the  hydrolysis 
of  protein  in  the  organism  of  their  patient,  Loewy  and  Neuberg  (18) 
have  lately  arrived  at  a  widened  conception  of  cystinuria. 

While  monamino-acids  like  leucin,  tyrosin,  aspartic  acid,  and  cystin, 
when  taken  by  the  mouth,  normally  vanish  as  such  absolutely,  and  are 
transformed  into  CO^,  H^O,  NH,,  and  oxygen  compounds  of  sulphur, 
these  amino-acids  reappeared  in  the  urine  of  their  cystinuric  patient 
practically  unchanged. 

The  diamino-acids  behave  similarly  in  cystinuria,  but  their  fate  is 
a  Uttle  different.  While  in  a  normal  man  [W.  H.  Thompson  (38)]  they 
also  are  transformed  into  urea,  in  a  cystinuric  individual  they  are  not 
burned  ofiF,  but  are  transformed  into  diamines  [Loewy  and  Neuberg]. 
The  cystinuria  of  Loewy  and  Neuberg's  patient  was  accompanied  neither 
by  diaminuria  nor  by  the  excretion  of  other  amino-  or  diamino-acids  : 
after  administration  of  lysin  there  appeared  in  the  urine  cadaverine 
(pentamethylene-diamine) ;  after  an  intake  of  arginin^  the  urine  con- 
tained putrescine  (tetramethylene-diamine).  Unchanged  diamino-acids 
do  not  pass  in  demonstrable  amount  into  the  urine ;  and  the  fact  that 
after  feeding  with  lysin  (I.)  cadaverine  (U.)  appeared,  and  after  feeding 
with  the  diamino-valerianic  acid  (III.),  which  is  the  acid  derived  bom 
arginin,^  putrescine  (IV.)  appeared,  excludes  every  other  interpretation 

*  The  caee  recorded  by  Garrod  and  Hurtley  is  one  of  these  (see  Garrod  and  Sch61b;?rg, 
Lancet,  1901,  ii.,  p.  526,  and  Journal  of  Physiology,  toL  xzxiv.,  p.  220, 1906). 

'  Five  grammes  of  arginin  carbonate  were  administered  by  Garrod  and  Hurtley  in 
their  case  (2oc.  cU,),  but  no  trace  of  putrescine  could  be  detected  in  the  urine,  either  by 
benzoylation  or  by  the  phenyl  isocyanate  method.  This  patient  had  excreted  putrescine 
five  yeaiB  previously. 

^  Arginin  is  a-amino-d-guanidine-valerianic  acid  : 

HgN .  C( :  NH) .  NH— CH,— (CH,),-€H .  NH,— OOOH. 

a  urea  derivative  of  a-3-diamino-valeriaaio  acid.  By  means  of  an  enzyme,  arginase. 
discovered  by  Kossel  and  Dakin  (39),  which  occurs  abundantly  in  nearly  all  organs, 
areinin  is  decomposed  with  fixation  of  the  elements  of  water  into  urea  and  diamino- 
valerianic  acid : 

H,N  .  C( :  NH)— NH— CH,— (CH,),— CH .  NH,— COOH  +  HjO«H,N .  00 .  NHj  + 
H,N .  CHt-(CH,),-CH.NH,-0(X)H. 
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than  that  of  a  descent  of  the  diamines  from  the  corresponding  diamino- 
acids. 

I.  CHjNH,— (CH,)3— CHNH,— OOOH  Lysin. 

n.  CH^H,— <CH,),— CHjNH,  Cadayerin. 

III.  CH^H,— (CH2)8— CHNH,— OOOH  Diamino-valerianic  acid. 

IV.  CHjNH,— (CH,),— CHaNHj  Putresoine. 

We  have  to  deal  with  an  example  of  the  fermentative  splitting-ofiF  of 
CO),  several  cases  of  which  are  already  known.  Thus  A.  Ellinger  (40) 
was  actually  able  to  transform  those  diamino-acids  by  means  of  the 
bacteria  of  putrefaction  into  diamines,  and  the  like  transformation  has 
been  effected  by  Neuberg  (41)  by  purely  chemical  methods. 

Cystinuria  thus  presents  itself  as  a  disturbance  of  protein  metabolism, 
and  especially  of  the  amino-acid  metabolism.  Of  the  end-products 
of  protein  hydrolysis  which  arise  in  his  organism,  the  cystinuric  cannot 
avcdl  himself  in  the  normal  way  of  the  cystin,  and  in  part  excretes  it ; 
the  remaining  products  of  protein  hydrolysis  undergo  their  ordinary 
fate.  But  if  free  monomolecular  a-amino-acids  appear  in  places 
which  are  at  present  not  well  known,  or  if  they  occur  there  even  in  un- 
usual amount,  then,  unlike  the  normal  individual,  the  cystinuric  is 
unable  to  bum  them,  and  they  leave  the  organism  unchanged  just  as 
cystin  itself  does.  The  basic  diamino-acids  behave  in  practicijly  the 
same  way,  except  that  the  CO,  group  is  split  off  from  them,  and  we  arrive 
at  diaminuria. 

It  is  obvious  that  all  cases  of  cystinuria  need  not  show  this  distinctly 
marked  character  of  a  pronounced  disturbance  of  amino-acid  metabolism  ; 
it  is  rather  probable  that  there  are  here — ^just  as  in  diabetes — different 
degrees  of  the  anomaly.  Just  as  little  as  every  glycosuria  is  accom- 
panied by  an  excretion  of  acetone  bodies,  so  little  does  diaminuria  exist 
along  with  every  cystinuria ;  and  just  as  in  diabetes  the  tolerance  for 
other  carbohydrates  oscillates,  so  in  cystinuria  there  exist  distinctions 
in  respect  of  the  fate  of  other  protein  fractions. 

These  relationships,  hitherto  scarcely  noticed,  are  important  because 
they  explain  the  differences  which  exist  in  the  character  of  individual 
cases  of  cystinuria.^ 

1.  Simon  (42)  established  tolerance  for  tyrosin;^  Alsberg  (28)  found 
that  administered  cystin  (!),  as  well  as  aspartic  acid,  were  completely 
burned ;  but  their  method  was  not  wholly  convincing.  The  examples 
of  this  class  obviously  constitute  the  smallest  degree  of  metabolic  dis- 
turbance. 

2.  The  second  category  is  represented  by  those  cases  which  exhibit 
the  character  of  the  anomaly  as  described  by  Loewy  and  Neuberg.    Left 

^  Three  modificatiooB  are  suggested  by  Oarrod  and  Hurtley  {J,  P.,  yol.  zzziv..  p.  219. 
1006) :  "  It  would  appear,  from  what  has  gone  before,  that  as  regards  any  indiyidual 
proteid  fraction  cystinurios  fall  into  three  main  groups,  comprising  respeotiyely  those  who 
habitually  excrete  the  fraction  in  question  either  unaltered  or,  in  me  case  of  the  diamino- 
acids,  slightly  changed ;  those  who  excrete  it  only  when  taken,  as  such,  by  the  mouth  ; 
and  those  who  do  not  excrete  it  under  any  circumstances." 

*  Fiye  grammes  of  tyrosin  were  administered  by  Garrod  and  Hurtley  to  their  patient : 
a  small  quantity  of  a  substance  melting  at  263^  6.  was  obtained.  This  may  haye  been 
a  tyrosin  deriyatiye.  It  waa  not  obtained  on  any  other  occasion  than  after  the  adminis- 
tration of  tyrosin. 
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to  themaelves,  these  cases  eztsrete  cystin  only ;  but  the  inherent  weakness 
of  the  oxidizing  powers  of  the  cystinuric  patient  for  amino-acids  appears 
on  feeding  him  with  isolated  protein  fractions. 

3.  In  other  cases — ^the  third  type — the  disturbance  in  the  inter- 
mediate protein  metabolism  appears  to  have  progressed  so  far  that, 
besides  cystin,  other  amino-acids  are  spontaneously  excreted,  as  tyrosin 
has  been  found  in  cystin  urine^  by  Ck>nti  and  Moreigne  (43),  and  leucin, 
as  well  as  tyrosin  and  small  quantities  of  other  amino-acids,  by  Abder- 
halden  and  Schittenhelm  (44).  Quite  recently  Garrod  and  Hurtley  (34) 
observed  a  case  in  which  the  cystin  was  accompanied  by  a  substance 
apparently  closely,  related  to  tryptophane.  The  examples  of  cystinuria 
with  simultaneous  excretion  of  diamines  appear  as  a  special  sub-group, 
in  which  the  metabolic  disturbance  effects  more  of  the  protein  molecule 
than  the  basic  sulphur-containing  complex. 

The  way  in  which  the  degree  of  the  metabolic  disturbance  existing  in 
cystinuria  varies  from  case  to  case  manifests  itself  as  well  in  the  very 
diifferent  quantities  of  cystin  which  are  excreted  as  in  the  duration  of 
this  anomaly.  There  are  examples  in  which  cystinuria  has  been 
observed  for  twenty  years,  and  to  persist  undiminished  after  this 
period  [Loewy  and  Neuberg's  case];  others  in  which  an  acute  attack 
has  come  on  and  soon  (after  some  months)  passed  away  again  [Bodtker's 
single  case] ;  finally,  others  in  which,  after  persisting  for  a  year,  it  has 
slowly  died  away.  In  a  similar  case  (not  yet  published)  Loewy  and 
Neuberg  were  able  to  reproduce  the  cystinuria  in  a  slight  d^ree  after 
administration  of  large  quantities  of  cystin,  and  at  the  same  time  to 
establish  that  the  tolerance  for  administered  tyrosin  was  also  diminished. 

Through  its  characterization  as  a  disturbance  of  amino-acid  meta- 
bolism cystinuria,  which  was  formerly  regarded  more  as  a  curiosity, 
now  acquires  a  certain  importance  in  the  question  of  the  fate  of  food- 
stuffs in  the  alimentary  canal.  If  we  observe  that  with  some  cystinurics 
monomolecular,  free  amino-acids,  given  per  viae  naturalea,  are,  contrary 
to  the  normal,  not  burnt,  but  excreted  unchanged  or  excreted  as  diamines 
after  simply  losing  CO2,  then  it  is  not  evident  why  these  individuals 
should  not  constantly  excrete  along  with  cjrstin,  the  remaining  simple 
crystalline  fractions  of  the  protein  molecule,  if  these,  as  is  often  assumed, 
appear  in  considerable  quantity  in  the  intestine.  It  must  certainly 
make  a  difference  if  these  products  are  formed  gradually  and  physio- 
logically, or  if  they  suddenly  inundate  the  intestine,  or  if  they  are  present 
alone  or  with  other  protein  fractions  at  the  right  place  and  in  the  pro- 
portions favourable  for  the  rebuilding  of  protein. 

The  fact  that,  as  a  rule,  tolerance  for  cystin  alone  is  diminished 
may  be  connected  with  peculiarities  of  resorption  as  yet  unknown,  or 
even  with  a  special,  perhaps  a  loose,  kind  of  binding  of  the  sulphur 
group  in  the  protein  molecule ;  at  any  rate,  cystin  belongs  to  those 
fractions  which  are  very  early  resolved  from  the  protein  molecule  by  the 
tryptic  ferments  of  the  intestine. 

^  Piooini  and  Conti,  Lo  SperimenUde,  1891,  vol.  zlr.,  p.  350 ;  Moreigne,  Arch,  de  Mhd, 
exp,  et  d*AruU.  path.,  1899,  vol.  zi.,  p.  254 ;  Peroival,  Arthivio  lUUiano  di  CUniea  Med., 
1902.  vol.  xli.,  p.  50. 
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In  view  of  the  relations  of  cystin  to  taurin  and  to  the  formation 
of  bile,  Simon  and  Campbell  (45)  have  suggested  a  disturbance  of  tauro- 
cholic  acid  synthesis  (perhaps  as  a  result  of  enzyme  action)  of  such  a 
kind  that,  in  consequence  of  failure  to  utilize  cystin,  cystinuria  makes 
its  appearance.  The  attempts  made  by  these  authors  to  bring  about 
the  disappearance  of  a  cystinuric  condition  by  administration  of  bile 
acids  have,  however,  had  no  result. 


6.  Experimental  Cystinuria. 

Baumann  and  Goldmann  (46)  recorded  that  traces  of  a  cystin-like 
substance  occur  in  normal  dog's  urine ;  the  amount  of  this  substance  is 
said  to  be  increased  in  phosphorus-poisoning.  If  in  the  last  case  the 
substance  really  is  cystin,  its  formation  is  to  be  ascribed  to  the  autolytic 
reduction  of  the  tissue  protein,  which  takes  place  in  the  phosphorus 
intoxication  [Jacoby].  For  cystin  can  be  formed  from  protein  sub- 
stances not  merely  by  acid  hydrolysis  and  by  the  digestive  enzymes, 
but  also  by  the  destructive  action  of  intracellular  ferments,  and  thus 
small  quantities  of  cystin  might  be  able,  like  leucin,  tyrosin,  and  diamino- 
acids,  to  pass  over  into  the  urine. 

Naturally,  only  a  limited  excretion  of  a  sulphur-containing  protein 
derivative  is  attainable  by  phosphorus  -  poisoning,  but  an  artificial 
formation  and  excretion  of  cystin  derivatives,  which  may  be  called  in 
a  certain  sense  an  experimental  cystinuria,  can  be  arrived  at  in  quite 
another  way. 

JaS6  (47),  and  Baumann  and  Preusse  (48),  found  simultaneously  in  1870 
that  the  halogen  substitution  products  of  aromatic  hydrocarbons,  especially 
chloro-,  bromo-,  and  iodo-benzene,  and  corresponding  naphthalene  deriva- 
tives, underwent  a  peculiar  transformation  in  the  organism  which 
led  to  the  formation  of  a  highly  complicated  conjugated  glycuronic 
acid  (47,  48).  The  latter  decomposed  easily  into  glycuronic  acid  and  the 
substance  coupled  with  it,  which  in  the  cases  mentioned  is  itself  still  a 
substance  of  complex  structure,  being  at  the  same  time  a  transformation 
product  of  the  halogen  derivative  introduced  and  a  derivative  of  cystin  ; 
these  compounds  are  called  mercapturic  acids. 

Their  formation  is  to  be  interpreted  as  follows.  For  example,  when 
bromobenzene  (a)  is  introduced,  it  enters  into  a  synthesis  with  cystin  (6), 
and  there  is  formed  bromophenyl  cystein  (c) ;  further,  the  latter  imites 
in  the  organism  with  the  acetyl  group— the  residue  of  acetic  acid — to 
form  the  particular  bromophenyl-mercapturic  acid  {d),  which  then  unites 
in  a  manner  not  well  known  with  glycuronic  acid,  and  in  this  form  passes 
into  the  urine. 

d. 
GH, .  S .  G;H4Br 


ChIbt 

6. 
CHf.SH 

GH.NH, 

CH,  .  8 .  C;H4Br 
GH.NH, 

• 

00. OH 

00. OH 

io. 


NH.OOCHj 
OH. 
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The  different  steps  in  this  S3mthesis  have  been  disclosed  by  the  arti- 
ficial breaking  down  of  the  mercapturic  acids  and  their  building  up  from 
cystin  [Weiss  (49),  Friedmann  (50)]. 

The  formation  of  mercapturic  acids  may  be  compared  with  that  of 
the  conjugate  glycocoll  compounds  hippuric  acid  and  thiophenuric  acid — 

CHfi .  NH .  CK! .  Cfifi 

00. OH. 

In  both  instances  the  administration  of  a  suitable  binding  substance  is 
followed  by  the  excretion,  among  the  final  products,  of  considerable 
quantities  of  a  substance  which  under  normal  conditions  is  only  sccmtily 
present  or  altogether  absent.  In  this  way  the  formation  of  the  substance 
in  question  as  an  intermediate  product  of  metabolism  is  proven. 

According  to  Mester  (36),  the  human  organism  is  not  adapted  to 
perform  this  mercapturic  acid  synthesis;  it  is  only  consummated  in 
the  organism  of  the  dog  and  of  the  rabbit.  It  fails  even  in  birds 
[Bongers  (51)]. 

It  is  to  be  remarked  that  after  the  administration  of  mercapturic  acid 
producing  substances  the  urine  is  strongly  IsBvorotatory ;  tiie  normal 
distribution  of  the  sulphur  in  its  various  forms  is,  quite  apart  from  the 
sulphur  in  the  C3n3tin,  much  disturbed  [McSam  Marriott  and  Wolf  (52)], 
as  if  the  administration  of  such  compounds  is  by  no  means  a  matter  of 
indifference  to  the  organism. 

7.  Coarse  and  Therapeutics  of  Cystlnuria. 

As  a  rule  cystinuria  exhibits  no  clinical  phenomena,  and  its  existence 
has  repeatedly  been  discovered  accidentally ;  but  occasionally  it  gives 
rise  to  gravel  and  stone  formation,  which  may  be  followed  by  bladder  and 
kidney  troubles. 

Apart  from  this,  the  character  of  this  metabolic  anomaly  proper  must 
be  designated  as  quite  innocuous,  a  view  consonant  with  the  frequent 
gradual  cessation  of  cystinuria  without  any  treatment. 

Considering  how  largely  cystinuria  is  independent  of  diet,  and  that 
it  has  so  far  been  found  impossible  to  actively  influence  it  medicinally 
[Simon  and  Campbell  (45)],  therapeutic  attempts  must  be  limited  to 
obviating  those  symptoms  which  may  possibly  be  brought  about  by 
sedimentation  of  the  sparingly  soluble  cystin.  For  this  purpose 
several  alkaline  saline  waters  and  sodium  bicarbonate  have  been 
proposed,  because  cystin  is  easily  soluble  in  alkali.  Whether  such 
a  therapeutic  treatment  will  prove  effectual  must  remain  a  matter 
of  doubt,  when  it  is  considered  that  fresh  cystin  urine  is  almost  always 
alkaline. 

8.  Diagnosis  of  Cystinuria. 

The  recognition  of  cystinuria  can,  as  soon  as  there  is  a  sediment,  be 
based  on  the  complete  combustibility  of  the  precipitate  obtained  by 
recrystallizing  the  sediment  from  hot  ammonia  and  on  its  microscopic 
appearance.    Cystin  usually  forms  typical  six-cornered  plates.    If  the 
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cystin  is  dissolved  in  the  urine,  it  can  frequently  be  made  to  separate, 
in  the  course  of  twelve  hours,  by  acidifying  slightly  with  acetic  acid, 
if  necessary,  after  previous  concentration  by  evaporation.  Cystin  urine 
gives,  like  pure  cystin,  a  heavy  lead  sulphide  precipitate  on  warming 
with  an  alkaline  lead  solution  (lead  acetate  and  NaOH),  a  reaction  which 
is  yielded,  though  feebly,  by  almost  every  normal  urine.  A  part  of  the 
cystin,  however,  always  remains  dissolved  in  the  urine,  and  can  be  isolated 
by  transforming  it  into  sparingly  soluble  compounds  [by  means  of  benzoyl 
chloride  (1,  46),  mercuric  acetate  (20),  phenyl  isocyanate  (10,  53), 
/3-naphthalene  sulphochloride  (30),  and  a-naphthylcyanate  (54)]. 
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II.— THE  EXCRETION  OF  DIAMINES. 

1.  Occttrrence. 

The  occurrence  of  diamines  in  urine  was  discovered  by  Baumann 
and  von  Udr&nzki  (1)  in  a  case  which  was  at  the  same  time  cystinurie  ; 
it  has  also  been  recorded  by  many  other  observers  (2  to  6).^ 

Tliese  diamines  are  tetramethylene-diamine  or  putrescine — 

CHr--CHa.NHj 
r  CH,— CHj .  NHj, 
and  pentamethylene-diamine  or  cadaverine— 


XJHr-CHi.NH,. 
^  Cohn  failed  to  find  diaminea  in  his 
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According  to  L.  Brieger,  there  appears  yet  a  third  diamine,^  saprine  or 
neuridine,  which  is  isomeric  with  cadaverine ;  but  Uttle  is  known  about 
the  excretion  of  this  diamine.  Cadaverine  and  putrescine  may  occur 
together  or  separately.  L.  von  UdranzM  and  E.  Baumann  (1)  were 
able  to  isolate  about  0*2  to  0*4  gramme  per  day  of  diamine  as  dibenzoyl 
derivatives.  At  first  both  diamines  were  found — ^namely,  about  one- 
third  tetramethylene-diamine  and  two-tiiirds  pentamethylene-diamine ; 
later,  and  in  the  same  case,  Garcia  (7)  was  only  able  to  prove  the  presence 
of  putrescine.  In  Brieger  and  Stadthagen's  case  only  cadaverine  was 
found. 

In  the  examples  of  simultaneous  cjrstinuria  and  excretion  of  diamines, 
the  latter  are  not  only  found  in  the  urine,  but  they  are  likewise  frequently 
present  in  the  faeces;  and  Roos  (8)  has  shown  them  to  be  present 
in  the  fsBces  only  in  cholera,  severe  gastro-enteritis,  in  malaria  and 
dysentery  (9). 

It  has  never  been  found  possible  to  obtain  diamines  either  from  the 
faeces,  the  urine,^  or  the  blood  of  normal  persons ;  but,  according  to 
Werigo  (10),  pentamethylene-diamine  is  to  be  found  in  pancreatic  ex- 
tracts, and  Ste3n*er  (11)  isolated  the  same  base  from  the  mixture  of 
substances  which  are  formed  during  aseptic  autolysis  of  the  same  organ. 
Moreover,  the  statement  of  Lawrow  (12)  that  cadaverine  and  putrescine 
appear  on  very  intense  and  long-continued  pepsin  digestion  (gastric 
autodigestion),  and  probably  arise  from  the  diamino-acids,  is  of  impor- 
tance.^ 

Brieger  (13)  has  identified  the  diamines  as  products  of  true  protein 
putrefaction,  and,  in  fact,  determined  that  they  are  abundantly  formed  by 
definite  micro-organisms,  such  as  the  comma  bacillus  or  the  Finckler* 
Prior  bacillus. 


2.  Origin  of  Diamlnorla. 

In  cases  of  acute  intestinal  disturbance  the  bacteria  which  are  then 
active  may  be  considered  as  the  agents  which  produce  the  diamines,  for 
these  are  products  of  the  metabolism  of  the  micro-organisms. 

But  in  cystinuria  accompanied  by  diaminuria  the  circumstances 
are  different.  Baumann  and  Udr&nzki  (1)  have  assumed  the  intestinal 
origin  of  such  diaminuria  also.  Cadaverine  and  putrescine  were  due  to 
a  chronic  intestinal  mycosis,  and  after  resorption  gave  rise  to  cystinuria. 

^  Brieger  obtained  two  ptomaines  isomeric  with  cadaverine  from  human  flesh  which 
had  been  left  to  putrefy  at  the  ordinary  temperature  for  three  to  eleven  days.  These  he 
named  neuridine  and  saprine.  Neuridine  he  also  found  in  the  fresh  human  brain  and  in 
considerable  quantity  in  putrid  horseflesh.  L.  von  Udr&nzki  and  E.  BaumaQn!;(2o6.  cU.) 
thought  they  had  found  one  of  these  isomers  of  cadaverine  in  their^'case.  They  had 
hydrolyzed  a  large  quantity  of  dibenzoylcadaverine  without  first  obtaining  it  perfectly 
pure,  and  on  prepanng  the  platinum  double  salt,  they  found  in  the  mother-liquor  what 
appeared  to  be  a  more  soluble  isomer.  By  precipitating  with  alcohol  and  recrystallizing 
the  precipitate,  it  was  Bhown  to  be  only  the  cadaverine  double  salt ;  and  on  benzoylating 
the  last  mother-liquor,  they  obtained  only  dibenzoylcadaverine. 

'  Dabrowsld  found  traces  of  cadaverine  in  100  litres  of  normal  urine  (Mai^s  Jahtu- 
berichU,  1903,  voL  xxziv.,  468). 

'  It  is  not  certain  that  the  action  of  putrefactive  bacteria  was  fuUy  excluded  in  all 
these  cases  (c/.  vol.  i.,  p.  12). 
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Conversely,  Garcia  (7)  considered  in  all  seriousness  that  tetramethylene- 
diamine  might  be  derived  from  cystin  itself,  but  that  the  latter  might  also 
be  formed  by  decomposition  from  pentamethylene-diamine  (!). 

Various  objections  may  be  raised  against  these  views.  There  is 
more  probability  in  the  assumption  that  ultimately  similar  or  even 
identical  causes  underlie  both  cystinuria  and  diaminuria — ^namely, 
disturbances  of  protein  metabolism  of  varying  degrees  [Loewy  and 
Neuberg  (14)].  The  anomaly  results,  if  it  is  only  slight  in  character, 
merely  in  an  excretion  of  cystin,  but  if  it  has  progressed  further,  in  dia- 
minuria as  well;  however,  the  observations  of  Werigo,  Steyrer,  and 
Lawrow  (10,  11,  12)  show  that  when  the  digestive  processes  are  deranged 
diamines  may  occur.  On  this  view  it  is  intelligible  that,  in  many  cases, 
cystinuria  occurs  without  excretion  of  cadaverine  and  putrescine,  and 
that  of  these  bases  one  or  both  may  gradually  vanish,  while  the  cystinuria 
persists.    The  converse  condition  is  never  observed. 

The  suggestion  of  Brieger  (13)  that  the  diamines  are  products  of 
protein  decomposition  has  been  verified  by  Ellinger  (15),  who  succeeded 
in  proving  that  lysin  is  the  direct  mother-substance  of  cadaverine  and 
arginin,  or  diamino-valerianic  acid  of  putrescine.  The  diamino-acids, 
when  isolated,  pass— chiefly  by  anaerobic  putrefaction — ^into  diamines  by 
loss  of  carbon  dioxide,  and  the  same  reaction  has  been  effected  in  a  purely 
chemical  manner  by  Neuberg  (16). 

To  all  appearance  diaminuria  and  cystinuria  form  an  allied  group 
of  disturbances  of  the  normal  transformation  of  protein ;  they  depend 
on  an  anomaly  of  amino-acid  metabolism  which  involves  the  sulphur- 
containing  complex  with  relative  frequency,  the  basic  fractions  less  often, 
and  which  may  even,  in  some  instances,  implicate  other  protein  frac- 
tions. 

3.  Experimental  Diaminuria. 

By  the  administration  of  diamines  von  Udrdnzki  and  Baumann  (1) 
were  able  to  bring  about  an  excretion  of  diamines.  While  small 
quantities  were  completely  oxidized,  after  feeding  with  3  grammes  pu- 
trescine hydrochloride,  0-056  gramme  of  dibenzoyl-putrescine,  and 
after  10  grammes  of  cadaverine  acetate,  0-722  gramme  of  dibenzoyl- 
cadaverine  were  obtained  from  the  urine,  and  in  the  latter  case  0*165 
gramme  from  the  faeces. 

In  a  case  of  cystinuria  unaccompanied  by  diaminuria,  the  latter 
could  be  artificially  produced  by  feeding  with  diamino-acids,  and,  in  fact, 
putrescine  and  cadaverine  passed  into  the  urine  after  feeding  with 
arginin  and  l3rsin  respectively ;  no  diamines  could  be  detected  in  the 
faeces  [Loewy  and  Neuberg  (14)].  As  these  experiments  were  made 
without  evading  the  intestinal  canal,  they  do  not  of  themselves  exclude 
a  bacterial  formation  of  diamines  from  diamino-acids  in  the  digestive 
tract.  Such  a  formation  is,  however,  improbable  when  it  is  considered 
that  the  case  of  cystinuria  in  question  has  been  long  under  observation, 
has  been  without  chronic  diaminuria,  and  that  the  normal  food,  ^diich 
always   contains  diamino-acid   complexes,   has  never  occasioned  the 
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formation  of  these  bases.  This  artificial  diaminuria  probably  appears, 
like  the  natural  diaminuria  in  cystinurio  cases,  owing  to  definite  dis- 
turbances of  the  normal  protein  transformation. 

4.  Signlflcance  of  Diaminuria. 

The  chronic  diaminuria  accompanying  cystinuria  is,  like  cystinuria 
itself,  of  an  entirely  harmless  nature  ;  it  is,  like  alkaptonuria  and  certain 
of  the  rarer  disturbances  in  carbohydrate  metabolism,  a  constitutional 
anomaly  which  appears  to  be  unimportant  as  regards  the  health  of  the 
person  affected. 

When  the  diamine  formation  is  brought  about  by  definite  specific 
excitants,  the  circumstances  may  be  different.  Baumann  and  Udr^nzki 
have  attached  great  importance  to  the  form  in  which  the  diamines  appear 
in  the  intestines,  and  have  assumed  a  distinction  according  as  the 
diamines  are  present  as  salts  or  free  bases,  because  the  latter  especially 
are  supposed  to  irritate  the  mucous  membrane  of  the  digestive  tract 
and  exert  a  toxic  action.  But,  on  the  other  hand,  Roos  (9)  found  that 
in  his  cases  of  grave  intestinal  disease  accompanied  by  excretion  of 
diamines  there  was  persistent  acid  reaction  of  the  stools.  The  share  to 
be  allotted  to  the  diamines  as  such  in  the  virulence  of  these  diseases  is 
uncertain. 

Still,  as  Pohl  (17)  has  shown,  the  diamines  are  never  quite  without 
poisonous  action,  and  whether  their  prolonged  appearance  is  quite 
unimportant  for  the  organism  must,  in  view  of  Pohl's  experiments  on 
the  checking  of  important  physiological  syntheses — the  formation  of 
hippuric  and  conjugated  glycuronic  acids — ^by  diamines,  remain  a  subject 
for  discussion. 

It  is,  moreover,  uncertain  whether  the  diamines  are  related  (physio- 
logically ?)  to  the  chemically  allied  Schreiner's  base  spermine  and  the 
Leyden-Charcot  crystals,  both  of  which  are  presumably  cyclic  diamines. 

5.  Recognition  of  Diaminuria. 

The  diagnosis  of  diaminuria  depends  on  the  isolation  of  the  respective 
bases.  This  can  be  effected  after  the  method  of  von  Udrdnzki  and 
Baumann  by  benzoyl  chloride  and  caustic  alkali  (1),  after  that  of 
Brieger  by  mercuric  chloride  or  picric  acid  (13),  or  after  that  of  Loewy 
and  Neuberg  (18)  by  phenyl  isocyanate. 
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m.— ALKAPTONURIA. 

1.  General. 

Alkaptonuria  was  discovered  in  1859  by  Boedeker  (1).  It  is  charac- 
terized by  the  presence  in  the  urine  of  aromatic  substances  of  an  acid 
nature,  which  combine  with  great  avidity  with  alkalis,  with  simultaneous 
absorption  of  oxygen.  The  darkening  which  occurs  when  these  sub- 
stances are  treated  with  an  alkali  has  given  to  these  bodies  the  name 
'*  alkapton  acids,"  and  to  the  anomaly  the  designation  *'  alkaptonuria.'* 
The  alkapton  substances  were  examined  subsequently  by  Ebstein  and 
Miiller  (2),  and  regarded  as  pyrocatechin.  After  various  failures  by 
other  workers,  Wolkow  and  Baumann  (3)  succeeded  in  1891  in  isolating 
an  alkapton  body.  It  proved  to  be  hydroquinone-acetic  acid  (I.),  a 
derivative  of  an  isomer  of  pyrocatechin  called  hydroquinone.  Soon 
afterwards  this  compound  was  prepared  S3nithetically^  by  Baumann  and 
Frankel  (4),  starting  from  gentisic  aldehyde  (II.).  On  account  of  the 
relationship  to  this  substance,  it  has  since  borne  the  name  "  homo- 
gentlsic  acid." 

I.  II. 

CH  CH 

HC  f\  C .  OH  HC  f\  C.  OH 


HO.  C  L    il  OH  HO.  0  l^^'  CH 

0  0 

I 
CH,  CHO 

COOH 


^  Homogentisio  acid  has  also  been  synthesized  by  W.  A.  Osborne  (J.  P.,  1903,  vol.  zxix. , 
Froc.  Physiol.  8oc»,  pp.  xiii.,  ziv.)  by  condensing  hydroquinone  dimethyl  ether  with  ethyl 
monochloraoetate  in  carbon  disulphide  solution  by  means  of  aluminium  chloride,  and 
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Homogentiaic  acid  has  been  found  in  all  oases  of  alkaptonuria.  In 
addition,  a  second  aromatio  dioxy-acid  found  by  Kirk  (5)  is  also  occa- 
sionally present.  The  same  substance  was  again  observed  at  a  later 
date  by  Huppert  (6),  and  by  Langstein  and  Meyer  (7).  They  found  it 
occasionally  only,  and  in  very  small  quantity,  along  with  the  homo- 
gentisio  acid.  It  was  named  by  its  discoverer  "'  uroleucic  acid."  Its 
composition  corresponds  to  a  dioxyphenyUactio  acid,  but  its  precise 
constitution  is  not  known.  Usually,  the  following  formula  (hydro- 
quinone  lactic  acid)  is  assumed  for  it,  chiefly  on  the  grounds  of  analogy  :^ 

CH 
Hc/\c.OH 


HO.cLjlcH 


I 
CH.OH 

00.  OH 

It  is  uncertain  whether  uroleucic  acid  occurs  only  in  exceptional 
cases,  or  whether  it  ordinarily  accompanies  homogentisic  acid  in  such 
small  amounts  that  in  most  cases  it  remains  undetected. 

The  blackening  or  browning  of  alkapton  urine  which  has  been  men- 
tioned occurs  slowly  also  in  air,  even  without  the  addition  of  alkali — ^in 
fact,  in  consequence  of  change  of  reaction,  or  of  formation  of  ammonia, 
cases  are  known  in  which  the  freshly  passed  urine  was  coloured  brown, 
and  left  stains  on  linen  which  were  difficult  to  remove,  a  behaviour  which 
has  led  in  several  cases  to  the  discovery  of  the  anomaly. 

The  strong  reducing  power  of  alkapton  urine  for  s^kaline  copper  and 
ammoniacal  silver  solutions  is,  moreover,  characteristic  ;  but  in  contrast 
with  urine  containing  sugar,  which  also  shows  this  behaviour,  it  neither 
ferments  nor  rotates.  Since  the  alkapton  acids  are  phenolic  in  character, 
they  give  with  dilute  ferric  chloride  a  blue  or  green  colour  respectively. 
Millon's  reagent  is  not  typical,  for  there  results  an  orange-yellow,  and  not 
a  red,  precipitate,  which  only  reddens  on  boiling. 

^  ^The  alkapton  bodies  may  be  isolated  by  extracting  the  acidified 
solution  with  ether,  and  also  by  precipitation  with  subaoetate  of  lead.^ 

remoying  the  methyl  groups  from  the  resulting  ether  by  amorphous  phosphorus  and 
hydriodic^aoid]:    ^ 

OCH,  OCH,  OH 

/\  CH,a     >     /\  CttfiOOEt     >      /\  CHjCOOEt 

OCH,  OCH,  OH 

Ethyl  homogentiaate. 

^  The  lack  of  rotatory  power  in  the  compound  is  an  argument  against  the  formula 
aseumedi  as  it  contains  an  asymmetric  carbon  atom,  and  an  optically  active  form  of  such 
a  compound  mi^t  be  expected  to  occur  in  the  organism. 

'  A.  E.  Garrod  (J.  P.,  toI.  zziii.,  612,  1899)  has  described  a  very  simple  method  of 
isolating  homogentisic  acid  from  urine.  A  quantity  of  the  urine,  not  less  than  100  c.c, 
is  heated  nearly  to  boiling,  and  for  every  100  c.c.  from)  5  to  6  grammes  of  solid  neutral 
lead  acetate  are  added.  The  precipitate  thus  formed  must  be  filtered  while  the  liquid 
is  still  hot.  On  standina  in  a  cool  place  sood  crystals  of  the  lead  salt  are  obtained  ;  the 
crystallization  is  as  compete  as  possible  (oy  this  method)  in  twenty-four  hours. 
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The   uroleucic  acid  is  only  precipitated   in   strong   solution   in   this 
way. 

Li  pure  condition  both  the  alkapton  acids  are  colourless  crystalline  sub- 
stances. Homogentisic  acid  melts  at  146-5^  to  147^,  and  uroleucic  acid 
at  130•5^ 

2.  The  Alkapton  Ezeretion. 

Alkaptonuria  has  been  observed  at  different  periods  of  life.  In  some 
cases  it  was  certainly  inborn,  and,  like  pentosuria  and  cystinuria,  has 
been  observed  in  children  of  the  same  parents  [Kirk  (5),  H.  Embden  (8), 
A.  E.  Garrod  (9),  and  0.  Schumm  (11)],  and  in  children  of  parents  related 
by  blood^  [Garrod  and  Meyer  (10)]. 

The  quantity  of  alkapton  acids  excreted  oscillates  between  0*2  and 
0-4  per  cent.,  amounting,  therefore,  to  about  3  to  6  grammes  per  day 
[Wolkow  and  Baumann  (3)].  The  determinations  undertaken  by  Falta 
and  Langstein  (12),  and  those  by  Neubauer  and  Falta  (13),  vary  within 
the  same  limits.  Somewhat  higher  values — ^up  to  7  grammes  per  day — 
were  found  occasionally  by  Langstein  and  Meyer  (7),  wliile  the  highest 
excretion'  ever  observed  was  16-8  grammes  by  0.  Schumm  (11). 

The  anomaly  is  in  most  cases  chronic,  and  persists  throughout  life, 
apparently  without  injury  to  the  subject.  But  transitory  symptomatic 
forms  have  been  observed  occasionally  in  diabetes  [A.  Geyger  (14)],  in 
cirrhosis  of  the  liver,  tuberculosis  [von  Moraczewski  (15)],  pyonephrosis 
[A.  Slosso  (16)],  gastric  catarrh,^  etc.  (c/.  also  17).  A  causal  connection 
of  alkaptonuria  with  the  other  conditions  has  not  been  proved.  Albrecht 
and  Zdarek  (18)  conjecture  that  the  peculiar  browning  of  the  cartilage 
in  ochronosis  may  have  some  relation  to  alkaptonuria,  but  Langstein  (19) 
could  not  ascertain  the  presence  of  alkapton  acids  in  the  urine  of  a  person 
affected  with  ochronosis^  [c/.  L.  Pick  (20)]. 

Bandel  (21)  has  recently  published  the  observation  that  in  a  case  of 
this  anomaly  the  cerumen  was  of  a  deep  browA  colour.^ 

^  A.  E.  Oarrod  {Lancet,  1902,  vol.  ii.,  1616)  was  the  first  to  observe  tiiat  among 
alkapt<muric8  a  relatively  large  proportion  were  children  of  first  cousins.  Meyer's  case 
was  one  of  these. 

^  The  largest  quantity  of  homogentisic  acid  excreted  in  one  day  is  recorded  by 
Zimper  {Inavg.  Dim.,  Wiirzburff,  1903).  The  daily  avera^  excretion  of  this  patient 
amounted  to  16*66  grammes  on  nis  normal  diet,  but  on  giving  him  three  tablespoonfuls 
of  **  tropon  "  he  excreted  23*09  grammes.  Schumm's  patient  excreted  on  an  average 
7*5  grammes  on  a  mixed  diet ;  on  one  day  he  excreted  16*8  grammes,  but  on  the  two 
preceding  days  he  had  been  siven  a  rich  meat  diet  and  70  sranunes  of  casein  each  day, 
while  on  the  day  in  question  the  casein  had  been  replaced  by  ^*  nutrose."  Falta  estimates 
that  the  tyroein  ana  phenylalanine  in  100  grammes  of  casein  would,  if  completely  con- 
verted into  homogentisic  acid,  yield  7*23  grammes.  It  will  be  seen  that  Zimper's  figures 
are  surprising. 

»  C.  Hirsch,  B,  k.  W..  1897.  866. 

^  £.  Stier  {B,  k.  TF.,  1898,  185)  noticed  that  the  aural  wax  in  his  alkaptonuric  had  a 
deep  brown  colour,  and  he  thougnt  the  coloration  might  be  due  to  homogentisic  acid. 
He  washed  out  the  ears  of  his  patient  weekly  for  a  month,  evaporated  the  washings  with 
a  little  sulphuric  acid,  and  extracted  the  residue  with  ether.  On  evaporation  of  the  ether, 
the  residue  gave  distinct  darkening  with  caustic  soda,  but  the  reduction  of  ammoniacal 
silver  solution  could  not  be  proved.  Stier,  by  taking  6  grammes  of  homogentisic  acid, 
confirmed  Embden's  account  of  the  action  of  the  acid  on  normal  persons.  While  it  is 
certain  that  not  all  cases  of  ochronosis  are  due  to  alkaptonuria,  W.  Osier  {Lancet,  January  2. 
1904)  has  described  pigmentation  of  the  skin  and  ot  the  aural  cartilages  in  some  elderly 
alkaptonurics. 

^  From  the  brief  account  available  (five  lines  !)  it  is  not  clear  how  far  the  connection 
between  the  anomaly  and  the  coloration  of  the  cerumen  is  proved. 
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3.  The  Relationship  of  Alkaptonuria  to  Protein  Metabolism- 
Theory  of  Alkaptonuria. 

As  with  pentosuria,  the  interest  of  alkaptonuria  is  more  theoretical 
than  practical,  because  this  anomaly  has  enabled  us  to  obtain  important 
glimpses  at  a  particular  chapter  of  protein  transformation. 

The  chemical  nature  of  the  alkapton  bodies — ^in  particular,  the  fact 
that  they  belong  to  the  aromatic  series — soon  prompted  the  thought  that 
they  were  related  to  the  cychc  members  of  the  protein  molecule.  The  first 
experimental  test  of  this  conjecture  immediately  confirmed  its  accuracy. 

Baumann  and  Wolkow  (3)  found,  in  fact,  that  pure  tyrosin  is  trans- 
formed in  the  organism  of  an  alkaptonuric  almost  quantitatively  into 
homogentisic  acid.  After  administration  of  10  grammes  of  oxyphenyl- 
aminopropionic  acid  (tyrosin)  by  the  mouth,  they  obtained  7*5  grammes 
of  homogentisic  acid  in  the  urine — ^that  is,  more  than  80  per  cent,  of  the 
theoretically  possible  quantity.  Mittelbach  (17)  found  that  93*5  per 
cent,  of  administered  tyrosin  appeared  as  homogentisic  acid  in  the  urine. 

Other  experiments  made  about  the  same  time  point  to  a  connection 
between  the  alkapton  acids  and  the  aromatic  group  of  the  proteins. 
Ogden  (22)  and  sJso  P.  Stange  (23)  showed  that  with  an  exclusively 
protein  diet  the  quantity  of  alkapton  bodies  is  from  about  one-quarter  to 
about  one-half  greater  than  it  is  with  a  mixed  diet. 

On  the  ground  of  this  discovery,  Baumann  and  Wolkow  did  not 
hesitate  to  consider  alkaptonuria  as  an  anomaly  in  the  metabolism  of 
the  aromatic  group  in  protein,  and  particularly  of  the  tjnrosin,  and  they 
developed  from  this  circumstance  the  following  conception. 

The  constitution  of  tyrosin  (I.)  on  the  one  hand,  and  of  homogentisic 
acid  (11.)  on  the  other  hand,  is  such  that  a  direct  formation  of  the  alkapton 
substance  from  the  protein-splitting  product  is  impossible.  The  trans- 
formation is,  however,  efiFected  by  specific  bacteria  in  the  intestinal  canal 
of  the  alkaptonuric  individual.  In  this  way  the  phenolhydroxyl  group  (a) 
first  experiences  a  reduction  (6),  and  the  introduction  of  two  hydroxy! 
groups  which  'then  follows  is  quite  analogous  to  the  well-known  trans- 
formation of  benzene  itself  into  hydroquinone  (c). 

I.  n. 
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It  is  seen  that  this  suggested  explanation  of  alkaptonuria  seizes  on  a 
similar  auxiliary  hypothesis  to  that  which  was  developed  in  his  time  by 
Baumann  for  cystinuria,  and  just  as  Uttle  has  it  withstood  a  severe 
criticism.  The  results  of  experiments  made  shortly  afterwards  by 
Baumann's  pupil,  Embden  (8),  were  opposed  to  the  formation  of  homo- 
gentisic  acid  by  abnormal  and  specific  bacteria  ;  for  he  failed  to  influence 
the  supposed  bacterial  activity  and  the  alkaptonuria  by  means  of  various 
disinfectants  introduced  into  the  digestive  tract. 

Real  progress  in  the  knowledge  of  the  nature  of  alkaptonuria  has, 
however,  only  been  made  by  making  exact  experiments  on  the  meta- 
bolism in  this  anomaly.  By  means  of  such  experiments  Mittelbach  (17) 
first  struck  a  decisive  blow  at  the  theory  of  the  intestinal  origin  of  homo- 
gentisic  acid.  It  clearly  follows  from  his  fasting  experiments  that  the 
excreted  alkapton  acids  were  not  derived  from  the  protein  of  the  food 
alone,  but  from  the  protein  of  the  organs  as  well.  Mittelbach  found  for 
the  day's  amount  of  alkapton  acids  4*66  grammes  on  a  full  diet;  on 
abstracting  the  protein  it  still  amounted  to  2*97  grammes,  and  even  during 
fasting  it  remained  at  almost  half  of  the  original  value — ^namely,  at 
2*67  grammes.  Langstein  and  Meyer  (7)  then  showed  that  on  an  ex- 
clusively fat  carbohydrate  diet  the  alkapton  acids  in  the  urine  did,  in 
fact,  diminish,  but  never  vanished.  Thus  it  follows,  just  as  from  Mittel- 
bach's  fasting  experiments,  that  the  alkapton  acids  can  be  formed  from 
the  protein  of  the  organism. 

Thus  alkaptonuria  is  shown  to  be  a  metabolic  anomaly  brought  about 
by  unusual  changes  in  the  tissues,  and  of  quite  a  different  significance 
from  a  phenomenon  due  to  foreign  organisms  in  the  intestinal  canal,  and 
not  in  a  strict  sense  within  the  organism. 

Now,  a  simple  calculation  shows  that  the  transformed  tyrosin  complex 
of  the  body  protein  could  not  possibly  account  for  the  whole  amount  of 
the  homogentisic  acid  excreted,  for  the  tyrosin  content  of  the  ordinary 
proteins  is  much  too  small,  and  leads  to  the  necessity  of  taking  another 
aromatic  radical  into  consideration. 

To  a  similar  result  led  an  experiment  with  a  casein  diet  in  which  the 
preformed  tyrosin  could  only  just  yield  the  amount  of  homogentisic  acid 
formed. 

Further,  the  experiments  of  Meyer,  Falta,  and  Langstein  have  yielded 
extraordinarily  important  contributions  to  the  knowledge  of  the  origin 
of  alkaptonuria. 

First,  there  was  found^  by  W.  Falta  and  L.  Langstein  (12)  the  second 
aromatic  residue  that  was  required  in  phenylalanine  (phenylaminopro- 
pionic  acid),  which  is  closely  related  to  oxyphenylaminopropionic  acid 
(tyrosin).  The  naturally  occurring  {  form  was  transformed  in  the 
organism  of  the  alkaptonuric  approximately  quantitatively  into  homo- 
gentisic acid,  whereas  the  opticaJly  inactive  racemio  form  appeared  to 

^  Banmann  and  Wolkow  had  already  pointed  out  that,  besides  tvroBin,  phenyl- 
alanine might  poflsibly  be  taken  into  oonaideration  as  the  mother-subetanoe  of  the 
alkapton  bodies,  f  Embden  (8),  howeyer,  on  the  ground  of  experiments  with  phenyl- 

glyoocoU  and  phenylaoetio  aoid,  had  arriTed  at  the  view  that  no  hydrozyl-free  benzene 
erivative,  not  even  phenylalanine,  oould  take  part  in  tiie  formation  of  homogentiaio 
acid. 
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be  able  to  yield  about  60  per  cent,  of  homogentisic  acid,  corresponding 
to  its  content  of  50  per  cent,  of  d-phenylalanine,  which  is  foreign  to  the 
body.  But  Falta  (24)  found  later  that  racemic  phenylalanine  was 
transformed  up  to  86-5  per  cent,  into  homogentisic  acid,  so  that  the 
special  configuration  could  have  no  influence  on  the  alkapton  formation. 
This  behaviour  is  surprising,  inasmuch  as  Wohlgemuth  (25)  has  established 
for  a  series  of  other  amino-acids  that  the  antipode  of  the  naturally 
occurring  form  passed  the  organism,  and  appeared  in  the  urine.  Evi- 
dently the  circumstfiuice  of  the  absolute  quantity  plays  a  decisive  part 
here,  for  Wohlgemuth  found  indeed  that  small  quantities  of  amino-acids 
which  are  foreign  to  the  body  were  destroyed  in  the  organism,  and  only 
large  quantities  were  excreted  undecomposed.  If,  however,  the  trans- 
formation of  the  side-chain  of  phenylalanine  (I.)  by  removal  of  the 
amino-group  and  oxidation  occurs,  as  in  the  case  of  tyrosin,  after  pre- 
ceding introduction  of  hydroxyl  groups  into  the  nucleus,  then  the  asym- 
metry is  lost,  and  there  arises  from  the  d  and  I  form  the  same  hydro- 
quinone  acetic  acid — ^homogentisic  acid  (III.) : 

I.  n.  m. 

q,H,  <iH,(OH),  C.H,(OH), 


>  CH, 

\NH,  CH.NH,  00.  OH 

00 .  OH  00 .  OH 

From  researches  on  the  fate  of  a  large  series  of  aromatic  acids — some 
of  them  had  already  been  found  as  transformation  products  of  the 
aromatic  groups  by  E.  and  H.  Salkowski,  and  by  M.  Nencki  and  E. 
Baumann  in  the  decomposition  of  proteins  by  bacteria — ^in  the  normal 
and  aJkaptonuric  organisms  Neubauer  and  Falta  (13)  arrived  at  the  con- 
clusion that  the  normal  breaking  down  of  the  aromatic  complex  begins 
with  the  introduction  of  hydroxyl  groups  into  the  benzene  nucleus  at 
the  2 : 5  position,  then  proceeds  to  splitting  of  the  benzene  ring,  and 
finally  proceeds  to  total  oxidation.  Therefore  the  metabolic  disturbance 
in  alkaptonuria  consists,  according  to  Falta  (24),  in  a  complete  incom- 
petency to  split  up  the  hydroxyl-containing  benzene  ring  any  further. 
Supported  by  the  statements^  of  M.  Gonnermann  (26),  Czapek  (27),  and 
Bertel  (28)  that  homogentisic  acid  is  a  normal  brea.king-down  product 
of  tyrosin  and  phenylalanine  in  plants,  Falta  assumes  the  occurrence  of 
an  analogous  process  in  the  animal  organism,  especially  as  Embden  (8) 
had  early  established  the  almost  complete  combustibility  of  homogentisic 
acid  in  the  normal  human  organism,  and  its  resistance  to  combustion  in 
the  alkaptonuric  individual. 

Alkaptonuria  depends,  therefore,  not  on  an  abnormal  formation  of 

^  In  a  recently  completed  leeearch,  Schulze  and  Oastoro  (29)  found  themeelvee  miable 
to  confirm  these  statements  as  to  the  appearance  of  homogentisic  acid  in  the  metabolism 
of  plants.  Knoop  (36)  has  throim  doubt  upon  the  view  that  the  breaking  down  of 
tyiosinjand  phenylalanine  nonnally  proceeds  through  the  alkapton  substances  in  the 
animal.organism. 

66—2 
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homogentisic  acid,  but  on  an  incapacity  for  further  dealing  with  it^ — 
a  condition  which  may  be  well  compared  with  cystinuria. 

The  results  of  metabolic  experiments  in  alkaptonuria  harmonize  with 
this  view.  The  transformation  of  protein  pursues  exactly  the  same 
course  as  in  a  normal  person ;  the  nitrogen  output  is  not  disturbed.  It 
is  remarkable  that  the  excretion  of  the  alkapton  bodies,  which  corre- 
sponds to  a  definite  quantity  of  tyrosin  and  phenylalanin,  takes  place 
very  much  more  quickly  than  the  elimination  of  the  nitrogen.  This 
behaviour,  which  was  established  b^'*:  '  r  Falta  by  superposing  pure 
protein  substances  on  a  stimdard  «  .  r.nd  by  Langstein  and  Meyer  (7) 
by  following  a  diet  poor  in  pr  ^y  one  rich  in  protein,  shows  that 

the  aromatic  groups  of  protein  substances  are  split  off  early,  and  after 
losing  their  amino-groups  quickly  pass  into  the  urine  of  the  aUcaptonuric 
as  homogentisic  acid,  while  the  excretion  of  nitrogen  pursues  a  different 
and  a  slower  course. 

Alkaptonuria  is  so  emphatically  characterized  as  a  disturbance  of  tiie 
metabolism  of  the  aromatic  group  in  protein  that,  under  proper  condi- 
tions of  feeding,  phenylalanin  and  tyrosin  are  transformed  approximately 
quantitatively  into  homogentisic  acid,  although  naturally  a  bacterial 
decomposition  of  small  quantities  of  aromatic  substances  in  the  intestinal 
canal  is  not  excluded. 

Tins  maximal  character  of  the  metabolic  derangement  is  also  brought 
out  by  the  average  quantities  of  homogentisic  acid  excreted.  From  a 
compilation  of  A.  E.  Garrod  (0)  it  is  seen  that  the  quantity  of  homo- 
gentisic acid  produced  in  twenty-four  hours  by  adults  is  pretty  constant, 
while  that  produced  by  children  is  correspondingly  lower — ^that  is  to 
say,  is  always  about  as  high  as  it  can  be  with  their  respective  mixed  diets. 
The  more  recently  observed  cases^  also  dispose  themselves  in  complete 
accordance  with  Garrod's  scheme. 

With  the  sharply  marked  dependence  of  the  excretion  of  the  alkapton 
bodies  on  the  content  of  protein  substances  in  the  aromatic  complexes, 
it  is  not  to  be  wondered  at  that  arbitrarily  undertaken  changes  in  these 
groups  find  their  expression  in  terms  of  the  output  of  homogentisic  acid. 
In  fact,  W.  Falta  (24)  was  able  to  prove  that  neither  dibromotyrosin, 

^  Gamier  and  Voirin  (34)  had  already  framed  the  hypothesis  that  the  intennediate 
formation  of  homogentisic  aoid  from  tyrosin  was  a  normal  metabolio  ooourrenoe,  but 
they  did  not  furnish  any  experimental  proof. 

a  Langstein  and  Meyer  {loc.  cU,)  first  determined  the  quotient,  ^^'"^^^  *°^- 

To  avoid  decimals  the  value  of  the  quotient  is  usuaUy  multiplied  by  100;  it 
then  means  the  number  of  grammes  of  homo^tisic  acid  excreted  per  100  fframmes 
of  nitrogen  excreted.  This  H :  N  quotient  is  constant  for  a  constant  met,  but 
varies  with  the  diet.  On  an  ordinary  mixed  diet  the  quotient  is  44.  fUta  {loe, 
eil.)  found  quotients  of  64'6  and  21  for  casein  and  egg-albumin  respectively.  These 
quotients  correspond  very  well  indeed  with  what  they  should  be  if  the  tyrosin  and 
phenylalanin  of  the  food  are  quantitatively  converted  into  homogentisic  acid.  Now.  if 
Garrod's  theory  of  maximal  alkaptonuria  is  correct,  all  alkaptonurics  ^ould  yield  the 
same  quotient  on  "  a  standard  diet  of  the  simplest  kind."  All  the  cases  available  for 
testing  this  theory  have  been  collected  in  a  paper  by  A.  £.  Garrod  and  T.  8.  Hele  (J.  P., 
33,  198,  1905).  The  average  values  for  four  different  cases  were:  (1)  44,  (2)  44,  (3)  40, 
^4)  49*6.  The  cases  were  (1)  man,  aged  fifty  years ;  (2)  man,  aged  twenty  years ; 
(3)  child,  a^  eight  years ;  (4)  child,  aged  four  years.  In  the  last  case  tiie  diet  was 
rather  rich  m  nitrogen.  Allowing  for  the  circumstance  that  in  no  case  was  the  diet  the 
same,  the  quotients  are  remarkably  similar. 
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bromocasein,  nor  iodocasein,  in  all  of  which  the  halogen  appears  in  the 
aromatio  complex,  form  the  alkapton  bodies.  This  is,  in  fact,  not  sur- 
prising, for,  from  experiments  by  Mosse  and  Neuberg  (30)  with  iodo- 
albumin,  the  aromatic  complex  is  so  changed  by  the  entrance  of  iodine 
even  for  the  normal  organism  that,  instead  of  the  ordinary  oxidation 
products,  o-iodobenzoic  acid  appears  in  the  blood,  and  o-iodohippuric 
acid  in  the  urine — ^at  least,  in  the  dog  and  rabbit. 

As  homogentisic  acid  is  nothing  but  a  metabolic  product  arrested  at 
a  stage  short  of  complete  decomposition,  and  one  which  is  normally 
completely  oxidized,  the  assumption  that  in  alkaptonuria  there  is  an 
impoverishment  of  the  circulating  protein  in  aromatic  groups  is  im- 
probable. Now,  Falta  and  Abderhalden  (31)  have  actually  found  that 
the  blood  proteins  in  alkaptonuria  are  normally  ccHistituted  in  respect 
of  their  content  in  tyrosin  and  phenylalanin ;  only  it  must  be  said  that 
the  present  methods  are  not  equal  to  the  recognition  of  those  very  nice 
distinctions  which  can  alone  be  expected  here.  The  authors  mentioned 
proved  the  presence  of  homogentisic  acid  in  the  serum,  so  that  by  these 
results  also  alkaptonuria  is  shown  to  be  independent  of  changes  occurring 
in  the  intestine,  in  resorption,  and  in  the  kidneys. 


4.  Diagnosis  of  Alkaptonuria. 

In  the  general  part  the  characteristic  properties  of  the  strongly 
reducing  alkapton  urine  which  led  to  the  discovery  of  the  anomaly  have 
already  been  mentioned.  It  may  be  added  that  the  urine  in  alkaptonuria 
possesses  in  most  cases  a  considerable  acidity.  In  qpite  of  the  relatively 
large  quantity  of  homogentisic  acid  excreted,  the  ammonia  content  of 
the  urine,  as  Meyer  (10)  has  proved,  is  not  increased,  so  that  the  alkap- 
tonuria does  not  cause  the  phenomenon  of  acid-poisoning.  Not- 
withstfiuiding  its  close  chemical  relationship  to  the  phenols,  homo- 
gentisic acid  neither  forms  an  ethereal  sulphate  nor  conjugates  with 
glycuronic  acid — a  behaviour  which  harmonizes  with  its  practical 
harmlessness. 

In  practice,  the  characteristio  behaviour  of  the  alkalized  urine  almost 
always  suffices  for  the  recognition  of  the  alkapton  acids.  Homogentisic 
acid  also  gives  a  reaction  with  Fed,  which  still  produces  a  transitory  blue 
coloration  at  a  dilution  of  1  :  4,000.  With  Millon's  reagent  there 
appears  an  orange  coloration,  but  no  reddening ;  only  on  boiling  does 
the  yellow  precipitate  first  formed  take  on  a  brick-red  colour.  For  a 
more  certain  identification  the  lead  salt  [(C8H704)2Pb -f  SH^O)],  which 
melts  at  214^  to  215^,  may  serve  ;  but  on  account  of  the  ease  with  which 
the  lead  salt  decomposes,  the  determination  of  the  characteristic  melting- 
point,  as  well  as  of  the  water  of  crystallization,  presents  difficulties. 
Erich  Meyer  recommends  the  preparation  of  the  ethyl  ester  of  homogen- 
tisio  add — 


OH 
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which  is  difficultly  soluble,  and  melts  at  119^.  On  incomplete  esterifica- 
tion,  there  may  be  formed  as  an  intermediate  product  the  lactone  of 
homogentisic  acid,  the  anhydride  of  the  formula 


'"Xyi^yx,. 


which  melts  at  191^,  and,  in  opposition  to  free  homogentisic  acid,  gives  a 
red  colour  with  Millon's  reagent,  and  in  a  solution  made  feebly  alkaline 
by  anmionia  or  soda  an  intense  pale  blue  colour  passing  through  dark 
violet  to  the  characteristic  alkapton  shade. 

Uroleucic  acid,  which  is  rarely  present,  may  be  extracted  from  the 
mother-liquor  of  the  homogentisic  acid.  It  exhibits  similar  reactions, 
and  melts  at  130-5''. 

The  quantitative  determination  of  the  alkapton  acids  in  urine  is 

carried  out,  according  to  E.  Baumann  (32),  by  titration  with  ammoniacal 

N 

--  silver  solution,  of  which  1  c.c.  corresponds  to  0-004124  gramme  homo" 

gentisic  acid  (No  separate  method  is  known  for  the  determination  of 
uroleucic  acid.)^  A  slightly  modified  procedure,  but  one  resting  on  the 
same  principle,  has  been  described  by  G.  Denig^  (33). 

The  reducing  power  of  alkapton  urine  may  be  considerable.  It  is, 
according  to  Denig^s,  about  nine  to  ten  times  as  strong  as  that  of  a 
diabetic  urine  of  the  same  percentage  strength  for  Fehling's  solution 
and  for  silver  solution. 

There  is  an  important  practical  point  about  this  strong  reducing 
power  of  homogentisic  acid,  inasmuch  as  this  behaviour  may  lead  to  its 
being  mistaken  for  sugar,  and  it  has  been  so  mistaken  before  now  [Gamier 
and  Voirin  (34)].  Nevertheless,  the  inability  to  undergo  fermentation, 
and  the  lack  of  optical  activity,  easily  permit  of  a  distinction  between 
the  alkapton  bodies  and  glucose. 


Treatment. 

No  treatment  for  alkaptonuria  is  known,  and,  indeed,  considering 
that  the  metabolic  disturbance  is  harmless,  and  involves  no  danger  to 
the  patient,  treatment  is  hardly  necessary.  Of  course,  the  dark  stains 
sometimes  caused  in  the  linen  by  alkapton  urine  are  somewhat  trouble- 
some. 

^  In  his  method  of  estimating  homogentisic  add  Banmann  recommends  the  addition 

of  3  per  cent,  ammonia  to  the  nrine  before  adding  the  y^  silver  nitrate.    But  he  states 

in  a  later  paper  that  his  number  1  c.c.  =0*004124  gramme  homogentisic  acid  was 
obtained  bv  using  ammonia  of  from  8  to  10  per  cent,  strength.  A.  E.  Garrod  and  W.  H. 
Hurtley  («/.  P.,  33,  206,  1905]  showed  that  the  reduction  of  silver  is  not  complete 
when  3  per  cent,  ammonia  is  used.  It  follows  that  all  estimations  carried  out  by 
Baumann  8  method  will  give  low  results  for  the  homogentisic  acid.  While  such  results 
can  be  compared  with  one  another  with  safety,  they  give  values  for  the  absolute  amount 
of  the  aoid  which  !ue  from  11  to  12  per  cent,  too  low. 
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CHAPTER    XII 
OXALURIA 

By  carl  NEUBERG,  BERLIN. 
Tbanslatbd  by  W.  H.  Hubtlby,  D.Sc.  (Lond.). 

1.  GeneiaL 

Oxalates  always  confltitute  a  part  of  the  organio  subetancee  which  are 
excreted  in  the  urine.  Under  the  name  ''  oxaluria  "  are  comprised  certain 
irregularities  in  the  excretion  of  oxalates.  These  irregularities  are  not 
of  a  uniform  character,  nor  are  they  always  obviously  due  to  nutritional 
disturbances.  The  designation  of  the  conditions  referred  to— ^t  the 
present  time  it  is,  perhaps,  no  longer  quite  appropriate  to  conceive  of 
them  as  a  separate  metabolic  anomaly  in  the  strict  sense  of  the  word — 
has  descended  from  a  time  when  Prout  (1)  referred  such  clinical  symptoms 
as  those  of  neurasthenia  and  derangements  of  digestion  to  the  existence 
of  oxaluria. 

This  idea  has  not  held  its  own  in  the  light  of  recent  more  precise  in- 
vestigations. 

2.  The  Occurrence  of  Oxalic  Add. 

^COOHx 
Oxalic  acid  (    |  ]  is  widely  disseminated  in  vegetables,  especially 

VCOOH/ 

000  COOH 

as  calcium  oxalate,   |       yCa,    and    acid   potassium    oxalate,     | 

COO^  COOK 

(salts  of  sorrel).  In  the  urine  it  occurs,  too,  as  salts,  principally  as 
calcium  and  magnesium  salts.  Of  these,  when  pure,  the  first  is  insoluble, 
and  the  second  soluble  with  difficulty  in  water.  According  to  Buchheim 
and  Piorkowski  (2),  soluble  alkaline  oxalates  also  occur  in  urine.  The 
oxalate  sediment  principally  consists  of  calcium  oxalate,  which  is 
dimorphous  and  crystallizes  in  plates  belonging  to  the  monoclinic  system, 
and  in  octahedra  belonging  to  the  tetragonal  system.  The  first  of  these 
two  crystalline  forms  is  the  monohydrated  salt  CsXifi^ .  H^O ;  the  second 
is  the  trihydrated  salt  CaC2043H,0. 

The  quantity  of  oxalic  acid  present  as  sediment  is  far  from  being  a 
measure  of  the  actual  amount  of  the  acid  in  urine.  Lately  Klcinperer 
and  Tritschler  (3)  have  been  able  to  prove  conclusively  in  numerous  cases 
a  fact  which  had  already  been  emphasized  by  Furbringer  (4) — ^that  a 

1046 
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urine  may  fail  to  yield  a  sediment,  and  yet  be  relatively  rich  in  oxalio 
acid,  and,  conversely,  a  urine  may  yield  an  abundant  sediment,  and  yet 
be  relatively  poor  in  the  acid.  For  the  separation  of  crystals,  among 
which  may  be  crystals  of  calcium  carbonate  as  well  as  of  oxalate 
[Dunlop  (5)],  depends  less  on  the  absolute  amount  of  the  acid  than  on 
certain  physical  and  chemical  factors — ^the  acidity  of  the  urine,  the  ratio 
of  the  bases  calcium  and  magnesium  with  which  the  oxalic  acid  is  com- 
bined to  each  other,  and  on  the  presence  of  alkalis. 

That  calcium  oxalate,  itself  insoluble,  might  remain  dissolved  in 
urine  was  formerly  referred  to  the  acidity  caused  by  acid  sodium  phos- 
phate (6,  7).  In  reality,  according  to  Klemperer  and  Tritschler  (3),  yet 
another  factor^  has  to  be  considered — ^namely,  the  ratio  of  the  lime  to 
the  magnesia.  These  authors  showed  that  for  the  ratio  CaO  :  MgO» 
1 :  0*8  to  1 :  1*2,  and  with  an  absolute  content  of  the  urine  in  magnesia 
of  about  0*02  per  cent.,  the  calcium  oxalate  remains  entirely  in  solution. 
This  was  confirmed  by  Rosin  (8). 

These  droumstancee  are  of  decisive  importance  for  the  question  of 
the  excretion  of  oxalic  acid,  and  no  value  can  be  ascribed  to  the  older 
estimates  based  entirely  on  the  quantity  of  the  sediment. 

Besides  its  occurrence  as  salts,  oxalic  acid  may  also  be  present 
in  urine  in  combination,  conjugated  with  urea  as  oxaluric  acid 
(H^ .  00 .  NH .  00 .  COOH).  Schunck  (9)  first  observed  preformed  am- 
monium oxalurate  in  human  urine  in  1867,  and  Neubauer  (10)  con- 
firmed his  statement.  like  the  conjugated  sulphates,  oxaluric  acid  is 
hydrolyzed  by  hot  dilute  mineral  acids,  but,  unlike  them,  its  synthesis 
from  its  components  is  much  more  easily  effected  in  vitro.  Accordingly, 
the  possibility  that  the  urinary  oxaluric  acid  was  merely  formed  in  the 
course  of  the  operations  necessary  for  its  isolation  was  not  excluded ; 
the  question  was  only  decided  in  favour  of  its  preformed  occurrence  by 
the  researches  of  Salkowski  (11)  and  Luzzatto  (12). 

The  quantity  of  oxalic  acid  normally  present  in  urine  is  only  small. 
With  ordinary  diet  the  mean  daily  quantity  amounts  to  0-017  gramme 
according  to  Dunlop  (5) ;  Fiirbringer  (4)  found  0*02  gramme  per  day ; 
Autenrieth  and  Barth  (13)  give  0-015  gramme. 

Small  and  variable  quantities  of  oxalic  acid  are  met  with  in  the 
organs  of  men  and  animals.  As  already  mentioned,  the  amount  in  many 
vegetables  is  by  no  means  inconsiderable — a  fact  which  has  an  important 
bearing  on  the  question  whether  oxaluria  occurs  as  a  metabolic  anomaly. 

The  content  in  oxalic  acid  of  our  commonest  foods  and  beverages, 
etc.,  is  approximately  as  follows :  Oocoa,  4-5 ;  tea,  3*7 ;  sorrel,  3-6 ; 
spinach,  3-2;  pepper,  3-2;  rhubarb,  2-4;  figs,  1*0;  chocolate,  0-9; 
potatoes,  0-4 ;  beetroot,  0-4 ;  French  beans,  0-2 ;  coffee,  0-1 ;  tomatoes, 
0-06 ;  cabbage,  0-2  * — all  expressed  in  grammes  per  kilogranmie.  Oipol- 
lina  (14)  found  in  the  organs  of  animals :  Thymus,  0-025  to  0-012 ;  spleen, 

^  The  aoInbOi^  of  oaloinm  oxakte  in  urine  mnst  be  influenced  bv  the  amount  of 
ohloiine  in  the  urine,  and  also  by  the  amount  of  ammonia  and  of  the  alkali  metais. 
CUoium  oxalate  is  mote  soluble  in  water  containing  magnesium  chloride  and  calcium 
ohloride  than  it  is  in  water  alone ;  also  a  number  of  soluble  double  oxalates,  suob  as 
KJMg  (q/)4),.  (NH4),  Mg,  ((3,04)4.  w  known. 

'  These  numbers  are  Bsbaoh's  (compare  footnote  next  page]. 
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0-018 ;  lungs,  0*012 ;  liver,  0-006  to  0-011 — all  in  grammes  per  kilogramme, 
and  only  traces  in  muscle. 

For  further  estimates  see  Esbach^  (16),  E.  Salkowski  (39),  N.  Stradom- 
sky  (16),  6.  Pierallini  (17),  and  A.  M.  Luzzatto  (12). 


3.  Origin  of  Oialio  Add. 

Oxalic  acid  is  quite  commonly  met  with  as  the  final  product  of 
oxidation  in  chemical  processes  of  the  most  varied  kind.  Oxalic  acid 
may  also  appear  in  the  organism  as  a  final  product  of  oxidation,  but,  as 
the  researches  of  the  last  few  years  have  shown,  besides  the  formation 
of  the  acid  by  oxidation,  we  must  also  admit  its  origin  from  that  ahready 
present  in  the  food.    Thus  two  sources  of  oxaluria  must  be  considered. 

(a)  AlimefUary  Oxaluria. 

Even  to-day,  in  spite  of  many  researches  directed  expressly  to  this 
subject,  it  is  undecided  whether  oxalic  acid  is  at  all  susceptible  of  a  real 
combustion  in  the  tissues  of  the  organism ;  but  that  at  least  a  part  is 
excreted  unchanged  is  proven. 

It  is  certain  that  the  output  and  intake  of  oxalic  acid  do  not  run 
parallel,  but  the  reasons  for  this  are  very  evident ;  for  the  excretion 
depends  upon  that  part  of  the  quantity  taken  which  is  absorbed 
[6.  Pierallini  (17),  Leignes  Bakhoven  (52)]. 

Of  the  oxalic  acid  which  is  present  in  the  food  in  an  insoluble  form 
as  calcium  salt — and  the  greater  part  of  it  is  in  this  form — ^that  portion, 
at  most,  can  be  absorbed  which  is  transformed  into  the  soluble  condition 
in  the  digestive  tract.  This  transformation  is  effected  in  pskrt  by  the 
gastric  juice ;  but  the  part  not  absorbed  in  the  stomach  and  in  those 
sections  of  the  intestines  having  an  acid  reaction  will  be  retransformed 
into  unabsorbable,  insoluble  calcium  oxalate  by  the  alkalis  and  never- 
failing  calcium  salts  of  the  intestines.  This  calcium  oxalate,  along  with 
soluble,  but  also  unabsorbed,  quantities  of  oxalates  will  then,  according 
to  Stradomsky  (16)  and  to  Klemperer  and  Tritschler  (3),  be  in  part 
destroyed  by  intestinal  putrefaction.  This  harmonizes  with  what  has 
been  found  by  Dunlop  (5),  Mohr  and  Salomon  (18),  and  Bosenqvist  (19) — 
namely,  that  oxaluria  can  be  increased  or  diminished  by  the  administra- 
tion of  acids  or  alkalis  respectively  ;  it  harmonize,  too,  with  Gaglio's  (20) 
observation  that  soluble  oxalates,  when  subcutaneously  injected,  pass 
almost  quantitatively  into  the  urine. 

Babbits  are  able  to  completely  absorb  and  destroy  doses  of  1  gramme 
of  oxalic  acid  given  as  sodium  salt  per  day  [Autenrieth  and  Barth  (13)]. 

O.  Minkowski  (21),  accurately  apprising  these  circumstances,  has 

0-G-OHv 
given  expression  to  the  view  that  oxalic  acid  [  {  ),  likephos- 


\0=G— OH/ 


phorus  (P)  and  carbon  monoxide  (CO),  when  once  absorbed,  undergoes 

^  Esbach's  data  were  obtained  by  the  older  and  leas  tmstworthy  methods  of  deter- 
Duning  oxalic  aoid.  and  are.  therefore,  not  exact. 
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no  further  change  by  the  oxidative  processes  of  the  human  organs.  All 
these  substances  have  one  point  in  common — ^namely,  an  absence  of 
hydrogen  atoms  directly  united  to  the  ozidizable  element  (P  or  C),  such 
atoms  being,  according  to  Schmiedeberg,  indispensable  for  the  occurrence 
of  oxidation. 

The  quantities  of  exogenous  oxalic  acid  which  appear  in  human 
urine  are  naturally  variable,  corresponding  to  the  unequal  amounts 
of  the  acid  in  the  vegetable  food,  and  to  the  transitory  physiological 
conditions. 

Obviously  the  excretion  of  oxalic  acid  in  the  urine  is  necessarily 
dependent  on  what  occurs  in  the  digestive  tract.  If  earlier  authors 
regarded  functional  and  nervous  disturbances  of  the  digestive  apparatus 
as  a  consequence  of  oxaluria,  then  they  did  for  the  most  part  but  confuse 
cause  and  effect. 


(6)  The  Excretion  of  Oxalales  of  Endogeruma  Origin. 

Twenty-one  years  ago  Wesley  Mills  (22),  in  a  research  carried  out 
under  Salkowski's  guidance,  showed  that  even  on  a  vegetable-free  diet 
with  exclusively  flesh  food  oxalic  acid  occurs  in  the  urine,  a  result  also 
arrived  at  by  Auerbach  (23),  working  under  somewhat  different  ex- 
perimental conditions.  On  a  pure  milk  and  sugar  diet,  H.  Liithje  (24) 
also  observed  the  excretion  of  oxalic  acid,  and  he  found  that  even  during 
fasting  oxalic  acid  had  not  disappeared  from  the  urine  on  the  twelfth 
day. 

The  observation  that  a  diet  rich  in  protein  brings  about  a  relatively 
high  excretion  of  oxalic  acid  suggested  the  idea  that  the  true  antecedents 
of  oxaUc  acid  must  be  sought  among  the  proteins  and  the  products  of 
their  hydrolysis.  In  fact,  Lonmiel  (25)  found  an  increase  of  oxaluria 
after  administration  of  gelatin  ;  he  considered  gelatin,  or  the  connective 
tissue  which  yields  it,  as  the  chief  source  of  oxalic  acid. 

Whilst  Bosenqvist  (19)  was  unable  to  confirm  Lommel's  results, 
Stradomski  (16),  and  also  Mohr  and  Salomon  (18),  arrived  at  the  same  view 
as  Lommel  with  respect  to  the  oxalic  acid  forming  power  of  gelatin. 
Klemperer  and  Tritschler  (3)  showed  that  amino-acetic  acid  (glycocoll), 
the  most  characteristic  and  most  abundant  product  of  the  hydrolysis 
of  gelatin,  and  also  creatin  (methylguanidin-acetic  acid),  which  is  allied 
to  glycocoll,  or  creatinin,  which  is  the  anhydride  of  creatin,  all  bring 
about  an  increased  excretion  of  oxalic  add  : 

CHjNHj  CHj .  N .  CH,  CH,N .  CH, 

OOOH  COOH.H^  00— NH 

Olyooodll.  KrMtln.  KrMttnin. 

Kiihne,  forty  years  ago,  had  conjectured  that  the  two  last-mentioned 
bases  from  flesh  were  antecedents  of  oxalic  acid. 

The  results  of  purely  chemical  experiments  might  be  drawn  upon  in 
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support  of  the  gelatin  theory,  such  as  those  of  Kutscher  and  Schenck  (26), 

OONH^ 
in' which  abundance  of  oxalic  acid  and  oxamic  acid,  |  ,  respectively 

OOOH 
were  obtained  by  the  oxidation  of  gelatin  with  permanganate ;  but  as 
the  experiments  of  Zickgraf  (49),  Otori  (50),  v.  Fiirth  (27),  and  Seemann 
(28),  have  shown,  oxalic  acid  and  ox^c  acid  yielding  complexes  are 
quite  commonly  formed  in  the  oxidation  of  protein  substances  in  vitro 
— ^much  more  abundantly,  indeed,  than  corresponds  to  the  quantity  of 
preformed  glycocoll.  Here  oxalic  acid  is  m^^ly  a  final  product  of 
oxidation,  just  as  it  is  in  the  case  of  carbohydrates  and  fats. 

It  was  also  due  to  considerations  of  a  chemical  nature  that  attention 
was  early  directed  to  another  group  of  protein  substances  as  the  source 
of  oxalic  acid — namely,  the  nucleins,  or,  rather,  the  purins^  contained  in 
them.  To  the  purins  must  now  be  added  the  pyrimidins^  discovered 
by  Kossel.  These  substances,  of  which  the  best-known  representative 
is  uric  acid,  easily  jield,  on  chemical  treatment  outside  the  organism, 
oxalic  acid*  and  its  derivatives ;  also  lower  organisms,  especially  a  fungus 
which  often  accompanies  yeast,  are  said  by  Banke  (29)  to  decompose 
uric  acid  with  formation  of  oxalic  acid.    As  J.  Pohl  (30)  has  shown,  in 

CHjOH 
the  case  of  ethylene  glycol,  |  ,  that  suitably  chosen  subsUmces 

CHjOH 
of  the  two  carbon  atom  series  can  be  oxidized  to  oxalic  acid,  and  as 

CO— NH 
Wiener  (31),  in  the  case  of  alloxan  (mesoxalylurea),  00^  >00, 

^00— NH 
has  done  the  same  for  definite  compounds  of  the  three  carbon  atom  series 
allied  to  the  pyrimidins,^  the  formation  of  oxalic  acid  by  a  process  of 
oxidation  is  quite  conceivable. 

In  fact,  Wohler  and  Prerichs  (32)  proved  long  ago  that  a  copious 
oxalate  sediment  was  caused  in  the  urine  of  men  and  dogs  on  adminis- 
tration of  purin  bases,  particularly  urates,  both  by  the  mouth  and  subcu- 
taneously.  Oallois  (33),  Purbringer  (4),  Luthje  (24),  Salkowski  (34), 
Stradomsky  (16),  Neubauer  (6),  either  could  not  confirm  these  state- 
ments at  aJl,  or  only  in  part.  Luzzatto  (12)  suggests  as  an  explanation 
that  whilst  it  is  certainly  true  that  there  are  variations  due  to  the  indi- 
vidual, the  contradictory  results  of  earlier  authors  are  to  be  referred 
partly  to  the  lack  of  accurate  methods  of  determination,  and  partly 
to  the  neglect  of  the  oxalic  acid  present  in  the  food.    Luzzatto  himself 

^  The  parent  aubstanoee  of  the  pnrins  and  pyrimidins  are : 

N  =  CH  N  =  CH 

II  II 

HC      CHNv  I        I 

II      II        >CH  and  HC      CH 

N-C.N/  II       II 

Purin.  N  — GH 

Fyrimidiii. 

'  Acoording  to  E.  Salkowski  (26),  urio  aoid  is  oxidized  even  by  ferrio  ohloride.  and 
thereby  reeolved  mto  urea  and  oxalic  acid. 

*  AUoxan  may  be  regarded  as  an  oxidized  pyrimidin-tetraketo-dihydropyrimidxn. 
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wftB  unable  to  prove  a  true  formation  of  oxalic  acid  from  uric  acid  in  the 
organism,  but  he  regarded  it  as  possible  that  ozaUc  acid  might  be  formed 
as  an  intermediate  product  and  then  undergo  further  oxidation. 

While  Lommel  (25),  Liithje  (24),  and  Mohr  and  Salomon  (18)  arrived 
at  no  concordant  results  by  experiments  with  combined  purins,  such  as 
nucleins  and  nuclein-containing  organs,  Bosenqvist  (19)  showed  that 
an  increased  excretion  of  oxalic  acid  hardly  ever  fails  if  the  substances 
mentioned  have  really  been  resorbed.  Bosenqvist,  having  found  that 
pure  gluton  has  no  oxalic  acid  forming  power  at  all,  conceives  that  the 
positive  results  of  other  authors  are  due  to  the  gelatin  they  employed 
containing  nuclein. 

But  it  is  by  no  means  certain  that  the  normal  oxidation  of  uric  acid 
in  the  organism  occurs  by  way  of  oxalic  acid ;  quite  other  intermediate 

CHO 
steps  are  conceivable.    Glyoxylic  acid,   |  ,  the  half  aldehyde  of 

COOH 
oxalic  acid,  upon  the  physiological  rdle  of  which  attention  has  recently 
been  directed  by  Eppinger  (36),  is  perhaps  one  of  these. 

Glyoxylic  acid,  like  oxalic  acid,  seems  to  occur  in  minimal  quantities 
in  urine.  M.  Almagia  (37)  showed  that  the  excretion  of  glyoxylic  acid 
ia  related  to  the  metabolism  of  purins,  and,  according  to  Schloss  (38), 
it  is  not  impossible  that  glyoxyhc  acid  passes  into  oxalic  acid  in  the 
organism,  and  this,  too,  by  its  transformation  in  isolated  organs  (liver, 
brain). 

That  oxalic  acid  can  actually  be  formed  in  the  organs  is  shown  by  the 
digestion  experiments  of  Salkowski  (39),  and  of  Klemperer  and 
Tritschler  (3).  The  former  found  that  on  adding  uric  acid  to  surviving 
liver  oxalic  acid  is  produced,  while  the  latter  obtained  it  on  digesting 
uric  acid  with  blood. 

The  carbohydrates,  also,  may  be  considered  as  precursors  of  oxalic 
acid.  Zopf  (40)  has  shown  that  definite  saccharomyces  set  up  a  kind 
of  fermentation  in  the  ordinary  mono-  and  disaccharides,  and  even  in 
the  alcohols,  glycerin,  mannite,  and  dulcite,  in  which  oxalic  acid  appears 
in  place  of  alcohol.  The  same  power  is  possessed,  according  to  Emmer- 
ling  (41),  by  numerous  ubiquitous  bacteria — e.g,,  staphylococci. 

According  to  Paul  Mayer  (42)  and  H.  Hildebrandt  (43),  more  highly 
developed  organisms  are  able  to  produce  oxalic  acid  from  glucose  and 
from  the  closely  allied  compound  glycuronic  acid.  On  excessive  ad- 
ministration of  these  substances  by  the  mouth  the  amount  of  oxalic  acid 
in  the  urine  is  increased,  and  likewise  that  in  the  organs — e.^.,  in  the 
liver,  where  Mayer  (44)  found  extraordinary  amounts  of  oxalic  acid.  The 
observation  made  by  Mayer  (loc.  cii.)  that  the  isolated  liver,  on  digestion 
with  glycuronic  acid,  forms  oxalic  acid  is  of  special  interest. 

Baldwin  (45)  has  not  hesitated  to  make  the  carbohydrates  jointly 
responsible  for  the  formation  of  oxalic  acid  in  the  organism.^  But 
Minkowski  (21)  rightly  emphasizes  the  fact  that  it  is  doubtful  how  much 
of  this  oxalic  acid  formation  is  to  be  referred  to  simple  fermentative 
changes  in  the  digestive  tract — ^that  is,  in  a  sense,  outside  the  body — and 
^  Commit  alflo.VoL  I.,  p.  149. 
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how  much  to  true  tissue  metabolism,  and  it  camiot  as  yet  be  safely 
a£Srmed  that  oxaluria  is  actually  an  expression  of  a  disturbance  in  the 
processes  of  oxidation  [Beale  and  Boeri  (46),  Terray  (47),  Mayer,  Hilde- 
brandt]. 

Still,  an  endogenous  origin  of  oxalic  acid  is  certain,  and,  on  the  basis 
of  the  researches  bearing  upon  it,  paihdogical  significance  has  been 
claimed  for  it  in  a  large  number  of  cases.  Its  literature^  is  wellnigh  bound- 
less, and  there  is  scarcely  a  morbid  condition  in  which  an  increased 
excretion  of  oxalic  acid  or  formation  of  sediment  has  not  been  observed 
and  commented  on.  But,  apart  from  some  more  recent  work  (Sal- 
kowski,  Mohr  and  Salomon,  Liithje,  GpoUina,  Stradomsky,  Autenrieth 
and  Barth,  Luzzatto,  P.  Mayer,  Minkowski  and  Bosenqvist,  Klemperer 
and  Tritschler),  the  older  communications  on  the  subject  are  frequently 
of  doubtful  value  in  view  of  the  faulty  methods  used  in  the  earUer  de- 
terminations of  oxalic  acid,  and  the  n^lect  to  take  into  account  the  oxalic 
acid  present  in  the  food. 

Oxaluria,  so  far  as  we  know  at  present,  possesses  no  importance' 
as  a  cause  of  pathological  phenomena ;  its  importance  is  purely  extrinsic, 
and  consists  in  the  formation  of  the  sediment  and  calculi^  to  which 
calcium  oxalate  may  give  rise. 


Treatment. 

Treatment  of  oxaluria  is  only  applied  with  the  object  either  of  pre- 
venting the  formation  of  concretions  or  of  removing  them. 

Towards  the  accomplishment  of  this  object  two  paths  are  open  to  us : 

1.  Diminution  of  the  excretion  of  oxalic  acid. 

2.  Increasing  the  solubility  of  calcium  oxalate  in  the  urine. 

The  first  part  of  the  problem  requires  the  exclusion  from  the  diet  of 
articles  containing  oxalic  acid  (vegetables),  or  capable  of  producing  it 
(gelatin,  etc.),  and,  further,  the  artificial  diminution  of  resorption  of 
oxaUc  acid  in  the  digestive  tract,  which  can  be  attained  by  lowering  the 
acidity. 

To  fulfil  the  second  requirement  it  is  in  our  power  to  increase  the 
acidity  of  the  urine  (by  meat  diet),  to  increase  the  quantity  of  magnesium 
in  the  urine  relatively  to  the  calcium — according  to  Klemperer  and 
Tritschler,  by  the  choice  of  food  poor  in  lime  and  rich  in  magnesia.  More- 
over, the  attempt  may  be  made  to  effect  the  solution  of  deposits  by  giving 
larger  quantities  of  liquid. 

^  Numerous  caees  have  been  collected  by  Minkowski  (21)  and  G.  Toepfer  (48). 

^  With  regard  to  this,  Minkowski  (21)  rightly  points  out  Uiat  it  is  really  onlv  by 
accident  that  the  rather  unimportant  excretion  of  oxalic  acid  has  attracted  such  an 
enormous  amount  of  interest.  Its  easy  detection,  and  the  characteristic  appearance  of 
its  calcium  salt  under  the  microscope,  hAve—especially  in  the  early  days  when  the  urinary 
precipitates  were  examined  with  special  care— enabled  all  those  to  oo-operate  in  this 
field  who  had  only  just  over  the  minimum  chemical  technique  at  their  disposal.  This 
accounts  for  the  flood  of  researches  on  oxalic  acid. 

^  The  discovery  of  oxalate  calculi  is  due  to  Wollaston  (61)  in  1797 ;  he  also  diaoovered 
cystin  calculi. 
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Tests  for,  and  Determination  of,  Excreted  Oxalic  Add. 

These  are  effected  by  transforming  the  oxalic  acid  into  its  characteristic 
calcium  salt ;  deposits  are  treated  in  the  same  way,  and  also  examined 
under  the  microscope. 

Two  trustworthy  methods^  are  known  for  the  quantitative  estimation 
of  oxalic  acid — those  of  Salkowski  (11)  and  Autenrieth  and  Barth  (13). 
In  both  the  separation  of  the  oxalic  acid  from  the  phosphoric  acid  and 
other  urinary  constituents  depends  on  the  solubility  of  oxalic  acid  in 
a  mixtue  of  alcohol  and  ether.  In  Salkowski's  method  the  urine  is  directly, 
or  after  previous  concentration,  acidified  and  extracted  with  ether. 
Autenrieth  and  Barth  prefer  to  precipitate  the  oxalic  acid  as  calcium 
oxalate  first,  and  then  to  transfer  it  from  an  acid  solution  into  ether. 
In  both  cases  the  oxalic  acid  which  has  been  separated  is  again  trans- 
formed into  the  calcium  salt  and  weighed  as  CaO.' 
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CHAPTER    XIII 
PHOSPHATURIA 

Bt  oabl  neubebg,  beblin. 

Tramslatbd  bt  W.  H.  Hubtlbt.  D.So.  (Lond.)« 

LiKB  ozaluria,  the  anomaly  which  has  received  the  indefinite  designation 
of  phosphaturia  presents  no  uniform,  nor  even  any  well-defined,  features. 

By  phosphaturia  is  understood  the  excretion  of  a  turbid,  frequently 
milky,  urine,  which,  without  the  slightest  ammoniacal  decomposition, 
yields  a  more  or  less  dense  sediment.  This  deposit  consists  of  the  normal 
calcium  and  magnesium  phosphates,^  Ca,  (P04)2,  and  Mg,  (P04)2,  fre- 
quently admixed  with  small  quantities  of  the  carbonates  of  the  same 
metals.  The  urine  issues  from  the  bladder  in  the  state  referred  to,  and 
clears  by  sedimentation  on  merely  standing. 

This  obvious  condition  of  the  urine,  with  its  striking  appearance, 
arrests  in  an  unusual  degree  the  attention  of  patients  affected  with  it, 
and  has  given  rise  to  a  flood  of  papers  on  the  subject  quite  out  of  pro- 
portion to  its  actual  importance.  In  spite  of  this  overwhelming  abun- 
dance of  literature,  there  is  no  unanimity  whatever  on  the  question  as 
to  whether  or  no  phosphaturia  is  to  be  regarded  as  a  definite  anomaly. 

Two  errors  have  long  prevailed,  and  prevail  even  now,  with  many 
medical  men  :  firstly,  the  notion  that  the  excretion  of  phosphates  in  solid 
form — I.e.,  their  appearance  as  a  sediment  in  the  urine— corresponds 
to  an  actual  increase  of  these  substances ;  secondly,  the  view  that  this 
deposition  is  always  a  sign  of  a  morbid  process. 

The  deposition  of  insoluble  phosphates  comes  about  in  two  ways : 
(1)  from  a  relative  increase  of  alkalis ;  (2)  from  a  relative  decrease  of  acids 
in  the  urine. 

The  phosphoric  acid  of  normal  urine  is  combined  with  alkalis,  am- 
monia, lime,  and  magnesia.  Whether  the  phosphates  of  the  alkaline 
earths  will  be  deposited  in  an  insoluble  state  will  depend  on  the  absolute 
as  well  as  on  the  relative  quantities  of  the  bases,  on  the  reaction  of  the 
urine,  on  its  content  in  free  carbonic  acid,  and  on  other  conditions  which 

^  In  the  original  theee  salts  are  referred  to  as  baaio  caloium  and  magneBium  phoephates. 
In  this  traofllation  the  following  nomenolature  has  been  emj^oyed : 

Ca(HsP04)g  ia  called  caloiam  diaoid  phosphate. 
CaHP04  is  called  caloiam  monacid  phosphate. 
Ca,(P04)|is  called  normal  calcium  phosphate. 

Similarly  for  magnesium. 
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cannot  at  present  be  specified  with  certainty.  In  any  case,  the  pheno- 
menon IB  more  complicated  by  far  than  is  ordinarily  assumed  (1,  2). 

That  even  a  marked  increase  in  the  deposition  of  insoluble  earthy 
phosphates  allows  of  no  conclusion  being  drawn  as  to  the  total  amount  of 
phosphoric  acid  in  the  urine  follows  at  once  from  the  well-known  fact 
that  in  the  filtrate  from  the  deposited  phosphates  there  are  stiU  present 
soluble  phosphates,  or  phosphates  which  are  deposited  on  heating. 

A  simple  calculation,  moreover,  will  show  that  Ume  and  magnesia 
can  be  very  largely  increased  without  there  being  any  lack  of  phosphoric 
acid  to  combine  with  them.  The  amount  of  P2O5  in  the  day's  urine  is, 
on  an  average,  2-0  to  2-5  grammes  ;  in  the  same  time  0-2  to  0-3  gramme 
MgO,  and  0-15  to  0*5  gramme  CaO  are  excreted — ^that  is,  taken  together, 
the  weight  of  the  oxides  of  the  alkaline  earths  is  at  the  most  one-third 
that  of  the  P^O,.  Now  P^Os  is  able  to  unite  with  just  over  four-fifths 
of  its  weight  of  magnesia  and  just  under  one  and  one-fifth  times  its  weight 
of  lime. 

Clinicians  distinguish,  on  practical  grounds,  the  following  forms  of 
phosphaturia :  (1)  Physiological ;  (2)  nervous ;  (3)  sexual ;  and  (4)  juvenile. 
These  types  are  not  diarply  differentiated  from  one  another  (3). 

It  is  for  the  physiological  chemist  to  ascertain  whether  different 
metabolic  disturbances  are  at  the  bottom  of  these  different  forms  of 
phosphaturia. 

1.  Physiological  Phosphaturia. 

A  diet  which  is  rich  in  alkaline  carbonates,  or  one  containing  alkaline 
salts  of  vegetable  acids,  or  alkaline  albuminates — ^both  of  which  jrield 
alkaline  carbonates  on  combustion  in  the  body — ^leads  to  a  diminution 
of  the  acidity  of  the  urine.  One  action  of  the  alkaline  carbonates  is,  in 
fact,  to  transform  a  greater  or  smaller  part  of  the  diacid  phosphates 
which  exist  in  solution  in  normal  urine  into  the  insoluble  monacid  or 
into  the  insoluble  normal  phosphates,  as  the  following  equation  will 
show  :^ 

3Ca(H,P04),+  6Na2CO,=Ca,(P04)8+  4Nb,P04+  600,+  6HaO. 

Of  course,  the  absolute  amount  of  phosphoric  acid  is  not  changed  by 
this,  or  by  any  similar,  action  of  alkalis  ;  the  ratio  of  dissolved  to  undis- 
solved phosphoric  acid  only  is  changed,  and,  in  fact,  in  favour  of  the 
latter  at  the  expense  of  the  former.  Here  there  is  no  question  of  an 
increased  formation  of  phosphoric  acid ;  neither  has  such  ever  been  proved 
in  the  other  forms  of  phosphaturia.  An  increase  of  phosphoric  acid  ions 
could,  indeed,  only  act  by  dissolving  the  normal  salts — ^that  is,  by  bringing 
about  the  precisely  opposite  effect  to  that  which  is  actually  observed. 

^  This  eqaation  could  not  be  realized  in  practice.  With  these  proportionB  a  part  of 
the  calcium,  at  least,  would  be  precipitated  as  carbonate,  and  anotner  part  probably  as 
monacid  phosphate.  Further,  normal  calcium  phosphate  is  decomposed  by  much  water 
into  basic  calcium  phosphate  and  the  monacid  phosphate,  and  normal  sodium  phosphate 
does  not  exist  as  such  m  dilute  aqueous  solution,  but  is  hydrolvzed  to  caustic  soda  and 
the  monacid  phosphate.  In  short,  the  reaction  between  diacia  calcium  phosphate  and 
sodium  carbonate  in  the  proportions  indicated  by  the  above  equation  and  in  dilute 
solution  would  be  exceedingly  complex. 
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As  the  transformations  here  mentioned  appear  solely  from  the  influ- 
ence of  alkalis,  Leo  (4)  has  proposed  the  designation  *'  alkalinuria  "  for 
this  form  of  phosphaturia. 

Individual  differences  exist  in  the  facility  with  which  this  alkalinuria 
sets  in,  but  with  many  perfectly  healthy  people  it  appears  after  partaking 
even  in  moderation  of  vegetables  and  alkaline  mineral  waters. 

A  diet  specially  rich  in  lime  and  magnesia  may,  in  some  circumstances, 
act  in  the  same  way  as  one  containing  alkali. 

For  example,  an  increase  of  calcium  ions  may  have  as  a  consequence 
a  conversion  of  soluble  diacid  calcium  phosphate  into  normal  calcium 
phosphate.^ 

Ca(H,P04),+  2CaO=2HaO+  Oi^FO^h' 

An  increased  alkalinity  of  the  urine  may  be  due  to  a  decreased  ex- 
cretion of  acids  in  the  urine,  as  well  as  to  an  increased  amount  of  alkali 
taken  up  by  it.  Such  a  condition  ensues  in  a  perfectly  normal  manner 
after  any  meal  rich  in  protein,  in  consequence  of  the  abundant  secretion 
of  hydrochloric  acid  during  the  process  of  digestion.  Accordingly,  there 
is  observed  a  physiological  "  phosphaturia,"  or,  perhaps  more  correctly, 
an  anaciduria,  not  uncommonly  from  two  to  three  hours  after  the  time  of 
the  chief  meal,  more  particularly  if  this  is  rich  in  protein.  Anaciduria 
may  also  set  in  in  other  cases  if  the  organism  suffers  loss  of  acid  from 
other  causes,  as  on  continued  washing  out  of  the  stomach,  pernicious 
vomiting  {e.g,,  of  pregnancy)  [Quincke],  in  hyperhydrochloria,  and  in 
gastric  hypersecretion  [G.  Klemperer  (5)].  Maly  has  shown  by  ex- 
periment that  changes  in  the  secretion  of  the  gastric  juice  are  accom- 
panied by  corresponding  changes  in  the  acidity  of  the  urine. 


2.  Nervous  Phosphaturia. 

The  earliest  medical  books  contain  descriptions  of  this  type.  There 
is  hardly  a  neurasthenic  majiifestation  to  which  phosphaturia  has  not 
been  assigned  as  a  result,  or,  with  change  of  fashion,  as  a  cause.  Now, 
when,  through  Pawlow's  fundamental  work»  the  possibility  of  every 
organ  being  affected  by  nervous  influences  rests  on  a  firmer  basis  than 
ever,  the  existence  of  a  secretion  neurosis  of  the  kidneys,  and  of  a  dis- 
turbance of  their  selective  activity  occasioned  thereby,  is  beyond  doubt. 
Since,  as  already  stated,  there  cannot,  even  in  this  case,  be  any  question 
of  an  absolute  increase  of  phosphoric  acid,  it  must  be  assumed  that  there 
is  at  the  most  a  decrease  in  the  acidity  of  the  urine  as  a  result  of  nervous 
influences.  Changes  in  the  production  of  hydrochloric  acid  in  the  stomach 
of  the  kind  already  mentioned  may  also  be  of  nervous  origin — that  is 
to  say,  that  here  also  the  phosphaturia  may  be  an  alkalinuria  or  an 
anaciduria.  But  it  must  be  confessed  that  no  proof  of  change  in  the 
alkalescence  of  the  blood,  nor  of  an  increased  output  of  alkaUs  by  the 
kidneys  as  a  result  of  nervous  influences,  has  yet  been  brought  forward. 

^  Thia  equation  does  not  represent  the  action  of  oaloiom  ions,  but  of  calcium  and 
hvdroxYl  ions,  and  the  latter  would  be  far  more  effeotiye  in  precipitating  calcium  phos- 
phate than  would  calcium  ions. 
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In  this  neurasthenio  variety  of  phosphaturis  [Peyer  (6)]  must  also  be 
included  the  forms  which  have  been  described  by  the  French,  *'the 
phosphatic  diabetes  or  phosphaturia,"  and  the  essenHelle  phoephatttrie 
of  Teissier  (7)  and  Balfe  (8),  and  the  phaapkaturie  terreuse  dea  dyapep- 
iiques  of  Robin  (9).  In  t^ese  forms,  it  is  true,  the  authors — e.g,, 
Teissier  (loc.  cU.) — ^record  the  excretion  of  quantities  of  phosphoric  acid 
far  above  the  normal — 12  to  29  grammes  (!)  per  day ;  but  the  method 
employed  is  certainly  not  free  from  objection,  and  the  description  of  the 
method  of  working  is  quite  inadequate.  A  final  verdict  upon  these 
cases,  without  exact  metabolic  experiments  and  an  absolute  control  over 
the  intake  of  phosphorus,  calcium,  and  magnesium,  is  impossible. 


3.  Sexual  Phosphatnria. 

From  the  clinical,  and  probably  also  from  the  chemical,  x>oint  of  view 
this  type  bears  a  close  relation  to  the  preceding  form.  Phosphaturia  has 
been  described  in  association  with  the  most  varied  affections  of  the 
genital  organs.  In  part  it  is  probably  brought  on  by  the  special  diet 
which  is  adhered  to  in  these  cases,  and  so  is  due  to  the  increased  alka- 
lescence of  the  urine  caused  by  the  food.  But,  according  to  Minkowski 
(10),  it  must  be  regarded  as  quite  within  the  r^on  of  possibility  that 
in  these,  as  in  neurasthenic  cases,  we  have  to  do  with  an  excessive  and 
overanxious  attention  directed  to  what  is  merely  a  harmless  urinary 
anomaly. 

4.  Juvenile  Phosphaturia. 

While  in  the  two  last-mentioned  forms  the  significance  of  phosphaturia 
is  doubtful,  it  is  otherwise  with  this  variety.  But  even  this  type  is  by 
no  means  sharply  differentiated,  especially  from  the  nervous  phospha- 
turia ;  on  the  contrary,  the  phosphaturia  is  associated  with  the  neuroses 
of  childhood  in  many  instances.  Here  the  strict  metabolic  control 
recently  introduced  into  pediatric  investigations  has  been  successful 
in  proving  the  existence  of  a  real  anomaly  in  a  number  of  cases. 

Sendtner  (11)  was  the  first  who  found  an  increase  in  the  excretion  of 
calcium  in  this  form  of  phosphaturia,  and  discussed  the  possibility  of 
regarding  the  disturbed  calcium  metabolism  as  the  cause  of  the  phos- 
phaturia. But  the  matter  was  only  cleared  up  by  the  detailed  investiga- 
tions of  Soetbeer  (12). 

By  means  of  comparative  experiments  on  two  children  of  the  same 
weight,  one  of  whom  was  healthy,  while  the  other,  a  child  of  six,  was 
suffering  from  severe  phosphaturia,  Soetbeer  established  the  fact  that 
in  the  excretion  of  phosphoric  acid  itself,  of  nitrogen,  and  of  salts,  no 
difference  existed,  but  there  was  a  difference  in  the  calcium  content  of 
the  urines.  The  quantity  of  the  latter  (0*382  gramme)  was  markedly 
increased — ^indeed,  to  almost  three  times  the  amount  (0-113  gramme) 
excreted  by  the  normal  child.  If,  in  the  normal  case,  the  ratio 
CaO  :  PfOgss  1 :  12  approximately,  then  it  amounted  in  Soetbeer's  case 
to  about  1 :  4.    The  copious  deposit  in  this  case  also  was  not  due  to  any 
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increased  excretion  of  phosphoric  acid,  but  to  an  absolute  increase  of 
calcium  oxide  and  a  resulting  utilization  of  phosphoric  acid  to  neutralize 
it ;  the  relative  diminution  of  the  'B.JPO/  ions  had  for  its  effect  a  trans- 
formation of  soluble  phosphate  into  the  insoluble  normal  salt. 

The  question  whence  the  excess  of  lime  in  urine  was  derived  was 
answered  by  Soetbeer*s  demonstration  of  an  almost  equivalent  diminution 
of  the  calcium  excretion  in  the  f»ces  ;  the  lime  absorbed  from  the  food 
was  excreted  to  a  greater  extent  by  the  kidneys  than  in  a  normal  case, 
and  less  by  the  large  intestine — ^that  is  to  say,  there  is  no  question  of  a 
yielding  up  of  lime  by  the  organism  itself. 

ComeUa  de  Lange  (13),  Soetbeer  and  Krieger  (14),  have  shown  similar 
conditions  to  prevail  in  other  cases  of  phosphaturia — Soetbeer  and  Krieger 
also  in  the  case  of  an  adult — and  Tobler  (15)  and  Moll  (16)  confirmed 
the  observations  in  other  cases  of  phosphaturia  in  childhood.  Thus 
we  are  dealing  with  a  real  anomaly  which  depends,  presumably,  on  a 
disturbance  in  the  secretion  of  the  mucous  membrance  of  the  large 
intestine.  Soetbeer  refers  this  distiirbance  to  colitis,  and  has  suggested 
the  name  "  calcaruria  "  for  this  form  of  the  anomaly,  which  is  suitable 
in  so  far  as— corresponding  to  the  nature  of  the  metabolic  disturbance — 
calcium  carbonate  does,  in  fact,  share  in  the  formation  of  the  sediment. 

Interesting  as  Soetbeer's  results  are,  and  great  as  is  the  advance 
in  our  knowledge  of  the  whole  subject  which  they  represent,  still,  they 
are  by  no  means  competent  to  explain  all  cases  of  juvenile  phosphaturia.^ 
Earlier  investigators  [see  Albu  and  Neuberg  (3)]  had  emphasized  the  fact 
that  the  apportionment  of  the  excretion  of  phosphoric  acid  and  lime 
depends  to  a  large  extent  on  the  food,  especially  on  the  ratio  of  the 
amount  of  vegetable  food  to  the  amount  of  animal  food,  and  that  the 
same  conditions  are  of  considerable  importance  for  the  question  whether 
CaO  and  P^O,  are  excreted  by  means  of  the  kidney  or  the  intestine. 
The  well-known  difference  in  the  metabolism  of  phosphorus  shown  by 
the  camivora  and  herbivora  exhibits  the  profound  influence  which, 
among  other  factors,  the  content  of  the  food  in  CaO  and  P^Og  exercises 
on  the  processes  of  resorption  of  these  mineral  substances.  Only  by 
elaborate  metabolism  observations  could  be  established  the  correctness 
of  the  view  that  inflammation  of  the  intestinal  mucous  membrane  robs 
it  of  its  power  of  secreting  calcium. 

Langstein  (17),  in  harmony  with  the  considerations  advanced  by 
Albu  and  Neuberg,  has  recently  reported  some  experiments  which 
show  that  Soetbeer's  cases  only  represent  a  single  morbid  aspect  of  the 
phenomenon  of  juvenile  phosphaturia.  Langstein  has  observed  cases 
in  which  no  coincidence  existed  between  *'  calcaruria "  and  chnically 
demonstrable  intestinal  affections,  and  thus  the  reason  of  the  increased 
amount  of  calcium  phosphate  in  the  urine  of  chOdren  still  remains  un- 
explained. Tobler  (15)  has  also  pronoimced  against  the  constancy  and 
the  importance  of  the  abnormally  high  quotient  of  CaO  :  PaO,. 

Finally,  it  must  be  supposed  that  other  morbid  conditions  which  are 
seemingly  accompanied  by  disturbances  of  phosphorus  and  calcium 
metabolism,  such  as  rickets,  osteomalacia,  functional  disturbances  of 
^  For  the  earlier  literature.  Bee  Soetbeer  (12). 
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the  sexual  organs,  and  of  the  thyroid,  are  also  able  to  co-operate  in  bring- 
ing aboat  phosphaturia. 

Attempts  to  influence  the  symptoms  of  phosphaturia  have  met  with 
little  success  in  most  cases,  and  in  view  of  the  insecurity  of  the  foundation 
for  them,  might  not  in  all  cases  have  been  capable  of  being  theoretically 
justified. 

Soetbeer*s  type  of  the  juvenile  form  has  proved  itself  the  most  amen- 
able to  treatment ;  limitation  of  the  diet  rich  in  lime  (milk,  eggs,  fruit), 
and  the  substitution  for  of  it  a  diet  poor  in  lime  (meat,  pototoes,  cereals), 
bring  the  calcaruria  and  its  symptoms  to  vanishing-point  in  a  short 
time. 

In  other  cases  of  phosphaturia  the  attempt  has  been  made  to  directly 
increase  the  acidity  of  the  urine,  partly  by  selection  of  the  food,  and 
partly  by  the  administration  of  inorganic  or  appropriate  organic  acids 
[c/.  Minkowski  (10)].^  However,  such  measures  have  yielded  uncertain 
results,  and  have  sometimes  been  wholly  unsuccessful  [c/.  Soetbeer  and 
Krieger  (14)]. 
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^  The  solvent  action  of  citric  acid  on  the  calcium  phosphates  is  remarkable.  This 
acid  does  not  merely  act  in  virtue  of  the  hydrogen  ions  which  its  solution  contains,  but 
the  anion  of  citric  acid  appears  to  have  a  specific  action^  probably  forming  a  soluble 
complex  ion  vith  the  ions  of  phosphoric  acid. 


CHAPTER  XIV 
DRUGS  AND  POISONS :  THEIR  INFLUENCE  ON  METABOLISM 

By  otto  LOEWL 

Tbanslatxd  bt  J.  M.  Fortescub-Bsickdalb,  M.A.,  M.D. 

The  action  of  drugs  and  poisons  depends  on  the  chemical  a,nd  physical 
changes  which  they  produce  on  various  parts  of  the  organism,  and  may 
be  recognised  by  a  quantitative  alteration  in  function.  Changes  fre- 
quently are  simultaneously  produced  in  the  poison  itself,  but  these  will 
not  be  discussed,  as  the  influence  of  metabolic  processes  on  poisons  does 
not  come  within  the  scope  of  this  article.^  Still  less  does  it  include  such 
secondary  disturbances  of  metabolism  as  are  produced  by  the  primary 
functioned  change.  Such  disturbances  are  the  natural  sequence  of  all 
poisons  when  employed  in  sufficient  quantities,  though  they  cannot 
always  be  detected  by  the  methods  at  our  disposal.  Where  recognisable 
changes  occur,  we  have  to  determine  whether  they  arise  directly  or 
indirectly — that  is  to  say,  whether  they  are  produced  by  the  direct 
influence  of  the  poison  on  the  vital  processes  of  protoplasm  itself,  or 
whether  the  poison  acts  on  some  special  organ,  such  as  the  nervous 
system,  the  blood,  or  the  thyroid  glands,  and  thus  gives  rise  to  metabolic 
or  functional  disturbances  in  other  parts  of  the  body.  Poisons  may  thus 
be  classifled  as  protoplasmic  (influencing  metabolism  directly)  and 
selective  (influencing  metabolism  indirectly) ;  but  this  classiflcation 
involves  cross  division,  for  many  poisons  are  both  protoplasmic  and 
selective— for  example,  the  halogen  narcotics — and  can  be  made  to  exhibit 
more  of  one  or  the  other  quality  according  to  the  method  in  which  they 
are  employed.  Thus,  it  may  not  be  concluded  that  any  single  substance 
does  not  indirectly  affect  metabolism  merely  because,  like  phosphorus, 
it  is  par  excellence  a  protoplasmic  poison.  In  fact,  since  the  discovery 
of  the  fundamental  importance  of  the  thyroids  on  general  metabolism, 
this  possibility  must  always  be  kept  in  view.  On  the  other  hand,  the 
fact  that  a  poison  affects  an  isolated  unicellular  organism  does  not 
necessarily  show  that  in  higher  animals  it  acts  as  a  general  cellular 
poison;  it  is  here  that  are  manifested  the  wide  differences  which 
occiir  in  cells,  and  in  some  way  correspond  to  the  functions  they 
fulfil.  For  all  these  reasons  a  classification  of  poisons  on  these  lines 
must  be  abandoned,  and,  indeed,  in  the  present  state  of  our  know- 

^  For  this  reaaon  metabolic  changes  dae  to  the  oxidation  of  alcohol  are  oonaidercxl 
elsewhere  (r/.  Index). 

1061 


1062  THE  PATHOLOGY  OP  METABOLISM 

ledge  there  is  none  which  can  be  adopted  without  involving  some  cross 
division. 

Owing  to  the  special  characters  of  the  subject  in  hand,  the  arrange- 
ment of  sections  will  differ  considerably  from  that  adopted  in  other 
portions  of  this  work.  Particular  metabolic  changes  will  only  be  con- 
sidered in  a  limited  manner ;  pharmacology  as  relating  to  the  function 
of  various  organs  {e.g.,  secretion)  will  only  be  treated  in  so  far  as  appears 
necessary  for  the  comprehension  of  general  metabolic  processes.  Drugs 
such  as  water,  salts,  alcohol,  and  iodides,  which  have  already  been  dealt 
with  (ef.  Index),  will  be  considered  only  in  connection  with  those  points 
which  have  no  special  place  in  the  scheme  of  the  other  chapters. 

Of  modem  summaries  on  the  pharmacology  of  metabolism,  the  careful 
treatise  of  S.  Weber  (''  Ergebnisse  der  Physiologic,"  iii.,  1904)  is  the  only 
one  which  has  been  found  of  value  in  the  compilation  of  this  section, 
owing  to  its  numerous  references  to  the  literature. 


I.— WATER  AND  NEUTRAL  SALTS. 

The  cellular  and  humoral  elements  of  the  organism  require  a  certain 
amount  of  water  for  the  performance  of  their  normal  functions.  The 
amount  of  water  formed  during  the  oxidation  of  the  food  is  not  sufficient, 
as  is  seen  by  the  fact  that  death  from  starvation  takes  place  more  rapidly 
when  water  also  is  withheld.  Water,  therefore,  must  be  added  to  food, 
but  the  minimum  amount  necessary  cannot  be  accurately  decided.  It 
depends,  among  other  things,  on  the  nature  of  the  food  (amount  of 
salts,  extractives,  etc.)  and  on  the  idiosyncrasy  of  the  individual,  which 
again  partly  depends  on  habit.  Daily  experience  and  the  result  of 
exact  experiment  show  that  the  necessary  minimum  may  be  com- 
paratively largely  increased  without  any  ill  results,  so  that  the  sensation 
of  thirst  determines  the  amount  taken  as  well  as  indicating  the  actual 
requirements  of  the  organism.^ 


A.— NEUTRAL  SALTS  WTTHOUT  IONIC  ACTION. 

The  result  of  adding  neutral  salts,  especially  sodium  chloride,  to  the 
diet  has  been  carefully  studied  by  numerous  observers.  The  experiments 
have  been  carried  out  chiefly  on  dogs,  and  it  has  been  shown  that  the 
eff^t  on  protein  metabolism  varies  according  to  the  concentration  in 
which  the  salt  is  given.  Small  amounts  are  without  importance,  as  the 
organism  is  as  unaffected,  within  certain  limits,  by  variations  in  the 
intake  of  sodium  chloride  as  in  that  of  water ;  at  any  rate,  this  holds  for 
protein  metabolism,  the  only  process  which  has  hitherto  been  investigated. 
On  the  other  hand,  large  amounts  of  sodium  chloride  produce  definite 

^  For  detailed  aocount  of  the  action  of  water  and  common  salt,  vid^.  Vol,  I.  and 
Mineral  Waters,  Vol.  III. 


DRUGS  AND  POISONS  1063 

changes  in  the  elimination  of  nitrogen ;  this,  again,  varies  according  as 
the  salt  is  given  in  such  a  concentration  as  to  increase  the  elimination 
of  water  or  not.  In  the  first  case  the  almost  specific  action  of  the  salt 
is  concealed  by  the  results  of  loss  of  water ;  the  organism  loses  nitrogen. 
In  the  last  case  only  are  the  results  produced  by  salts  'per  8e  quite  evident ; 
here  a  trifling  diminution  in  nitrogen  excretion  occurs.  This  has  been 
recently  shown  for  sodium  chloride,  and  further  investigations  have  proved 
that  this  is  a  general  result  of  the  action  of  all  neutral  salts  (2,  3).  Bost  (4) 
has  shown  this  in  the  case  of  sodium  nitrate  :  when  a  loss  of  water  was 
allowed  to  take  place,  a  deficit  of  about  10  per  cent,  occurred  in  the 
nitrogenous  balance-sheet.  When,  however,  enough  additional  water 
was  given  to  prevent  loss  by  the  organism,  the  administration  of  1  grain 
per  kilogramme  of  body-weight  (or  12  grains  to  a  dog  weighing  12  kilo- 
grammes) caused  an  economy  of  nitrogen  to  the  extent  of  some  4  per 
cent.  (5,  6,  7).  This  effect  on  nitrogen  elimination  is  produced  by  all 
salts,  not  only  the  neutral  and  easily  absorbed  salts,  but  also  by  the 
alkaline  ones  which  are  absorbed  with  difficulty,  such  as  sodium  acetate, 
carbonate,  sulphate,  and  phosphate.  The  explanation  of  this  result  is, 
however,  very  obscure.  It  is  highly  improbable  that  it  arises  from  a 
retention  of  the  end-products,  as  the  phenomenon  is  most  marked  when 
no  deficiency  of  water  occurs. 

Respiratory  gaseous  metabolism  under  the  influence  of  neutral  salts 
has  hitherto  only  been  observed  after  the  introduction  into  the  stomach 
of  Glauber's  salt,  which  is  absorbed  with  difficulty.  A  method  could 
thus  be  obtained  for  estimating  the  effect  of  gastric  activity  on  the 
metabolic  balance-sheet.  Experiments  by  the  Geppert-Zuntz  method 
on  six  men  who  had  taken  5  to  15  grammes  of  Glauber's  salt  dissolved 
in  water  showed  sometimes  a  rise  of  30  to  35  per  cent,  above  the  normal 
respiratory  interchange  when  at  rest,  and  sometimes  under  apparently 
the  same  conditions  no  alteration  at  all  (8). 

Hay  has  shown  that  the  increased  density  of  the  blood  resulting  from 
increased  elimination  of  water  by  the  bowel  is  due  to  decreased 
absorption  brought  about  by  the  presence  of  Glauber's  salt  (9).  This 
was  confirmed  by  Swiatecki  (10),  who  was  also  able  to  demonstrate  an 
increased  alkalinity  of  the  blood.  The  influence  of  one  salt  on  the 
excreticm  of  another  will  be  dealt  with  later  (vide  Action  of  Alkalis). 

The  experiments  of  Loeb,  which  have  shown  how  sensitive  certain 
organs,  especiaUy  heart  and  striped  muscle,  are  to  the  slightest  changes 
in  the  quality  or  quantity  of  the  supply  of  so-called  *'  neutral "  salts, 
emphasize  also  how  little  hght  the  gross  determinations  of  the  excretions 
can  shed  on  the  character  of  the  finer  metabolic  processes. 

Hitherto  these  methods  have  singularly  failed  to  elucidate  the  mode 
of  action  of  those  salts  whose  ions  undoubtedly  have  an  obvious  influence 
on  general  metabolism.  Iodides  and  bromides  fall  naturally  into  this 
category. 

Other  salts,  such  as  the  chlorates,  whose  ions  affect  cellular  processes, 
are  considered  later. 
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B.— IODIDES  AND  BROMIDES. 

1.  Iodides. 

As  the  action  of  iodides  is  partially  due  to  the  iodine  set  free  in  the 
body,  the  effect  of  iodine  in  therapeutic  doses  should  be  identical  with 
that  of  the  iodides. 

The  activity  of  the  salts  of  hydriodic  acid,  and  of  iodine  itself,  in 
producing  the  absorption  of  effusions  and  swellings  from  various  causes, 
is  only  equalled  by  the  poverty  of  the  results  of  metabolism  experiments 
in  elucidating  the  rationale  of  their  effect. 

Magnus-Levy  (11)  has  made  very  exact  observations  on  the  influence 
of  potassium  iodide  and  iodine  on  healthy  and  sick  men  without  being 
able  to  show  the  smallest  change  in  their  intake  when  at  rest ;  the  doses 
were  3  to  10  grains  of  potassium  iodide,  and  4  to  10  drops  of  tincture 
of  iodide  daily,  and  the  experiments  lasted  for  weeks. 

It  is  specially  important  to  notice  that  iodine  treatment  failed  in 
cases  of  myzoedema,  whereas  thyroidine  produced  increased  metabolism, 
another  proof,  if  such  were  needed,  of  the  remarkably  specific  action  of 
the  thyroid  compound  of  iodine. 

In  only  one  case  (that  of  an  emph3rsematou8  patient)  was  there  any 
increased  oxygen  consumption  under  the  influence  of  iodine ;  but  this  is 
not  to  be  attributed  to  a  specific  action  of  the  drug  on  metabolism,  but 
must  be  explained  entirely  by  the  very  marked  reaction  of  the  patient 
to  treatment,  which  set  up  intense  bronchial  irritation  and  a  tendency 
to  pyrexia  in  the  evening  (c/.  Magnus-Levy). 

Li  syphiUtics  the  CO,  excretion  is  not  altered  by  the  action  of 
iodides  [Cederkreutz  (12)].  Experiments  on  dogs  by  T.  Bloch  (13) 
showed  similar  results.  On  the  other  hand,  Henrijean  and  Corin  (15) 
found  a  xise  in  the  respiratory  quotient  both  in  men  (by  the  Geppert- 
Zuntz  method)  and  in  dogs.  The  inspired  oxygen  and  expired  carbon 
dioxide  varied  in  their  behaviour  in  the  several  experiments ;  at  one  time 
the  oxygen  intake  remained  unaltered,  at  another  time  it  rose  considerably, 
while  on  a  third  occasion  it  fell  to  a  like  degree.  The  amount  of  00^ 
output  varied  proportionately.  As  long  as  the  cause  of  these  irregularities 
remains  unexplained  the  observations  have  no  particular  claim  to  our 
attention. 

The  protein  metabolism  is  not  affected  appreciably  by  iodides  in 
therapeutic  doses,  any  more  than  is  the  respiratory  interchange  (11,  12, 
14,  17).    Some  experiments  give  less  clear  results  (15,  16,  18,  19,  20). 

The  significance  of  the  so-called  *'  iodine  pyrexia  " — a  rise  of  tem- 
perature sometimes  observed  when  iodine  is  given  by  other  ways  than 
the  mouth — ^is  doubtful  (23). 

2.  Bromides. 

Protein  metabolism  in  men  and  animals  is  not  appreciably  influenced 
by  bromide  of  potassium,  even  in  large  doses  [10  grammes  per  diem  (21), 
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46  grammes  in  ieaa.  days  (22)] ;  but  while  the  excretion  of  sulphates  and 
nitrogen  was  unaltered,  that  of  phosphorus  fell  remarkably. 


Day. 

Flnt 

Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh. 

Bighth. 

KBr 

PjOj  in  urine.. 

Om. 
0-889 

Om. 
0-825 

Om. 

10 

0-680 

Om. 

10 

0-688 

Qm. 
0-734 

Om. 
0-832 

Om. 

10 

0-609 

Om. 
0-723 

The  average  PgOg  excretion  on  the  days  when  no  bromide  was  taken 
(1,  2,  6)  was  0*849  gramme,  on  the  bromide  days  0-672  (decrease  of 
19  per  cent.),  and  on  the  days  succeeding  the  bromide  (6,  8)  0*728  gramme 
(decrease  of  13  per  cent.).  The  cause  of  this  peculiar  phenomenon  is 
obscure. 


LITERATURE. 

1.  MaokusLkvt :  This  book.     1.     1907. 

2.  St&aub  :  Uebw  den  Einfl.  des  KochsalzeB  aof  die  Eiweisszeraetzung.  Z.  B. 
87.    627.     1899. 

3.  Maonus-Lbyt  :  I.  c,  No.  1. 

4.  Rost:  Ueber  den  Einfl.  des  Natronsalpetera  auf  den  Stoffw.  des  Hundes. 
A.  k  G.     18.    78.     1901. 

6.  Matsr  :  Ueber  den  Einfl.  der  Natronsalze  auf  den  Eiweissumsatz  im  Tier- 
korper.     Z.  M.     8.    82.     1881. 

6.  Salkowski  n.  Mukk  :  Ueber  die  Bezieh.  der  Reaktion  des  Hams  zu  seinem 
Gehalt  an  AnunoniaksalzeQ.    Ar.  p.  A.     71.    500.     1877. 

7.  Rost  :  L  c,  P.  98. 

8.  Loxwt:  Ueber  den  Einfl.  der  salin.  Abfiihrmittel  auf  den  Gaswechsel  des 
Menschen.    Ar.  P.  M.    48.    676.     1888. 

9.  Hay  :  PhysioL  Action  of  Saline  Cathartics.  J.  A.  and  P.  16.  17.  1883- 
1884. 

10.  SwiATBCKi :  Ueber  die  Alkaleszenz  des  dnroh  Wirk.  grosser  Natrium  sulfur- 
ioum-Gaben  verdichteten  Blutes.    Z.  p.  C.     15.    47.     1891. 

11.  Maokus-Lxyt  :  Untersuch.  zur  Schilddrusenfrage.  Z.  M.  88.  269. 
1897.    Ueber  Myxodem.    Ibid.     52.    201.     1904. 

12.  Cbdxrkbbtttz  :  Beitr.  zur  Kenntnis  des  Stickstoffw.  in  der  Friihperiode  der 
S3rphili8  nebst  Untersach.  dbw  die  Einwirk.  therap.  Hg-  und  Jk-Gaben  auf  den 
Stoffw.  dee  Menschen.    Diss.    Breslau,  1902. 

13.  Bloou  :  Einfluss  von  Jod,  Thyrojodin  und  Thyraden  auf  den  Stoffweohael. 
Diss.     Wiirzb.,  1896. 

14.  voK  B6cK :  Ueber  die  Zersetz.  des  Eiweisses  unter  dem  Einfluss  von  J  und 
Hg.    Z.  B.    6.    393.     1809. 

16.  HxNBUEAN  IT.  CoBiK  :  Uber  die  Wirk.  der  Jodide.  Ar.  intern,  de  pharma- 
codyn.    2. 

16.  Levi:  Vergleichung  der  Einwirkung  einiger  Hg-Pr&parate  und  des  Jod- 
kaliums  auf  den  Stoffw.  und  das  Blut  der  Syphilitisohen.    Ma.    Mb    660.     1894. 

17.  Paouabi  u.  Rxm  Pigci  :  Ueber  den  Einfl.  des  Jodkali  auf  den  Stoffwechsel. 
Poliklin.     1895.    Ma.     1896.    729. 

18.  BxBO :  Ueber  die  Wirk,  der  sog.  Alterantien,  insbesondere  des  Hg  auf  den 
Stoffwechsel    Diss.    Rostock,  1881. 

19.  FnBm  :  Einfl.  des  Jodkaliums  auf  die  Menge  des  im  Ham  ausgesoh.  Ham- 
stoffes.    Mo.  U.    18.    111.     1888. 


1066  THE  PATHOLOGY  OP  METABOLISM 

20.  Smibvow  :  Ueber  den  Einfl.  Ton  Jod  in  Verbindiing  mit  Alkalim.  anf  die 
N-Aufl8ch.    Diss.    Petenb.    Ma.    1884.    397. 

21.  Schultzb:  Ueber  den  Einfl.  des  Bromkalium  auf  den  Stofi^6^ecb.    Z.  B. 
19.    301.     1883. 

22.  Chittendin  and  Culbkbt:  Infl.  of  Potassium  and  Ammon.  oa  Metab. 
Trans.  Connecticut  Acad.  Arts  and  So.    7.    1888. 

23.  LoEWi :  Pharmakd.  dee  Warmehaushalts.    £r.  Ph.    IIL    1.    332.     1904. 


n.— ACIDS. 

When  substances  having  acid  properties  circulate  in  the  blood,  an 
acid  action  is  always  present,  and  that  not  only  when  inorganic  or  unoxi- 
dizable  organic  acids  [with  the  exception  of  C02ftud  evidently  also  hippuric 
acid  (4,  7)],  are  ingested,  but  also  acid  salts  (1),  neutral  salts  of  ammonia 
in  so  far  as  they  are  broken  up  in  the  organisms  by  fixed  alkalis  with  the 
production  of  free  acids  (2),  and  finally  organic  bodies  which,  like  protein, 
produce  an  acid  residue  on  combustion  (1,  2,  3),  or  are  converted  into 
unoxidizable  inorganic  acids  (4).  The  organism,  however,  has  no  need 
to  get  its  acid  from  outside ;  under  certain  circumstances  it  can  manufac- 
ture acids  from  its  own  tissues,  occasionally  to  such  an  extent  as  to  produce 
severe  intoxication.  Such  acid  formation  occurs,  for  instance,  in  starva- 
tion, in  the  course  of  infectious  diseases,  diabetes,  and  in  certain  toxic 
conditions.  Among  the  latter  must  be  classed,  firstly,  all  those  in  which, 
owing  to  inadequate  supply  of  acids  or  changes  in  the  condition  of  the  cells, 
oxidization  is  decreased,  and  secondly,  a  long  series  of  intoxications 
produced  by  substances  the  action  of  which  is  still  in  certain  cases  but 
imperfectly  understood,  such  as  certain  metals  and  emetin  (5).  The 
presence  of  these  substances  in  the  tissues  is  associated  with  a  diminution 
in  the  amount  of  acid  used  up  in  the  tissues  consequent  on  changes  in 
their  oxidizing  capacity.  The  entry  of  acid  material  into  the  blood 
liberates  carbonic  acid  from  its  compounds.  The  CO^  content  in  the 
blood  therefore  falls  (1, 6,  7,  8),  and  the  alkalinity  is  diminished  (4,  6, 7,  9). 
The  expulsion  of  CO,  from  the  blood  by  stronger  acids  appears  to  be 
the  actual  cause  of  the  fall  in  CO^  excretion,  particularly  in  acid  in- 
toxication ;  increased  respiratory  activity,  decreased  formation  of  CX)„ 
or  decreased  power  in  the  blood  to  combine  with  GOj,  appear  usually  to 
play  a  subordinate  part  (5,  7,  10,  11).  The  amount  of  the  fall  varies 
in  degree  in  different  classes  of  animals :  in  herbivora  it  is  greater  than 
in  camivora  and  omnivora  (7) ;  the  former  succumb  to  acid  intoxication 
much  sooner  than  the  latter.  The  cause  of  this  difference  lies  in  the 
different  ways  in  which  the  animals  neutralize  the  acid,  and  so  protect 
themselves  against  it.  This  can  be  seen  in  the  manner  in  which  the 
quantity  of  alkali  in  the  urine  alters  under  the  influence  of  acids  ;  the  salt 
which  is  formed  for  neutralization  purposes  is  rapidly  excreted  in  the 
urine,  as  it  forms  no  part  of  the  constant  composition  of  the  tissues  (6,  7). 
Camivora,  including  man,  lose  no  fixed  alkali  (12),  or  only  a  negligible 
amount  (4,  13,  14,  16,  24).^    Often,  on  the  other  hand,  there  is  a  certain 

^  For  particulara  as  to  the  behaviour  of  the  fixed  bases  in  diabetic  acidosis  in  man 
cf.  Diabetes,  p.  613. 
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alteration  in  the  excretion  of  the  bases  ;  under  the  influence  of  acids  the 
excretion  of  potassium  rises,  while  that  of  sodium  falls  (4,  20).  Camivora, 
as  Salkowski  (23)  suggested  and  Walter  (7)  showed  conclusively,  neutra- 
lize acids  mainly  by  ammonia  formation,  which  is  withdrawn  from  the 
urea  synthesis.  The  amount  of  urea,  therefore,  drops  to  a  correspond- 
ing degree  (15).  This  has  been  shown  for  men  by  Goranda  and  others 
(U  to  17).  Birds  protect  themselves  similarly  (2,  18,  19).  That  the 
increased  ammonia  excretion  is  actually  due  to  the  necessity  for  acid 
neutralization,  and  not  to  some  primary  disturbance  in  the  synthesis 
of  urea,  is  shown  by  the  fact  that  it  corresponds  almost  exactly  to  the 
amount  required  (1,  4,  7,  20).^  Further  support  for  this  view,  which  was 
from  the  first  very  generally  accepted,  is  derived  from  the  fact,  first  brought 
forward  by  Salkowski  and  Munk  (21),  and  subsequently  confirmed  by 
others,  that  it  is  possible  by  the  exhibition  of  fixed  alkalis  to  bring  back 
the  ammonia  excretion  to  normal.  The  power  of  neutralization  possessed 
by  ammonia  is  extensive  but  not  unlimited,  or  else  there  would  be  no 
acid  intoxication  in  camivora  (1,  22).  In  herbivora  the  excretion  of 
bases  during  acid  intoxication  is  very  different.  In  contrast  to  what 
obtains  in  camivora,  this  excretion  is  materially  raised  (23),  and  the 
animal  suffers,  as  a  certain  constant  of  alkali  is  necessary  for  normal 
metabolism.  The  amount  of  fixed  alkali  which  can  be  utilized  in  the 
tissue  fluids  is  very  limited — much  less,  indeed,  than  the  amount  jof 
available  ammonia  in  the  camivora.  This  has  long  been  recognised  as  a 
fundamental  difference  between  the  two  classes  of  am'mals.  But  re- 
cently it  has  been  shown  experimentally  that  herbivora  also  have  the 
power  of  neutralizing  acids  with  ammonia  (26).  On  their  ordinary  diet 
this  decreases  to  such  an  extent  that  it  ultimately  disappears  (27).  The 
cause  of  this  appears  to  lie  partly  in  the  special  character  of  the  diet, 
and  the  modifications  of  function  in  certain  organs  (especially,  perhaps, 
the  pancreas)  which  are  thereby  induced  (26).  This  is  shown  to  be  the 
process  according  to  the  latest  experimental  data,  by  which  it  appears 
that  it  is  x>OBsible  to  increase  NH,  excretion  enormously  in  rabbits  suffer- 
ing from  an  acid  intoxication  by  simultaneously  feeding  them  with 
amino-acids  without  preventing  the  increased  excretion  of  fixed  alkalis. 
The  supply  of  amino-acids  always  produced  such  a  condition  of  protection 
that  the  animals  were  able  to  survive  the  usually  fatal  amount  of  acid, 
and  the  00^  content  of  their  blood  did  not  fall  below  normal.  The  same 
thing  occurred  when  rabbits  were  fed  for  a  long  time  with  blood-serum. 
It  cannot  at  present  be  definitely  decided  how  far  the  animals  become 
accustomed  to  the  new  conditions,  or  what  part  may  be  played  by  the 
pancreas  in  the  formation  of  ammonia.  The  experiments  seem  to  show 
that  we  have  the  power  to  modify  the  difference  in  acid  neutralization 
between  camivora  and  herbivora.  Some  of  the  results  have  not  been 
confirmed  (30). 

As  the  normal  oxidation  processes  in  the  body  occur  in  alkaline 
solutions,  it  is  evident  that  decrease  in  alkalinity  will  produce  severe 
disturbances  of  general  metabolism.    On  this  point  it  is  remarkable 


had 


^  In  Gathgen's  experimente  the  NH.  excretion  still  remained  hi^h  after  the  acidity 
I  returned  to  normal ;  the  fixed  alkalis  were  correspondingly  dimmidied. 
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that  only  one  research  has  been  made  ;  this  one,  however,  is  very  accurate, 
and  deals  with  the  influence  of  acid  intoxication  on  the  respiratory 
exchange  in  rabbits  [Chvostek  (10)].  There  was  a  decided  decrease  in 
oxygen  intake  and  carbonic  acid  output,  as  had  previously  been  shown. 
The  foUowing  table  gives  the  results.  Rabbits  were  used,  and  0-9  gramme 
of  a  0*2  to  0-3  per  cent,  solution  of  Hd  per  kilogramme  body-weight  was 
given  by  the  mouth. 


Number  of 

WeighL 

0.  Intake  per  Kg.  per 

CO,  Oulpmt  per 

Respiratory 

ExperimerU. 

Hour. 

Kg.  per  Hour. 

Qwjtieni. 

cc 

cc. 

1 

Kg. 

2-6 

r  Before  HG  :  7820 

576-5 

0-737 

' 

1  After    Ha:64M 

446-2 

0-695 

Before  HG :  645-2 

547-1 

0-847 

2 

3-6 

M        ..      642-2 

447-9 

0-697 

• 

After    HO:  676-2 

423-6 

0-733 

.     M         M      622-3 

369-5 

0-709 

3 

21 

r  Before  Ha :  679-6 
L  After    Ha:  576-6 

663-7 

0-975 

' 

502-5 

0-875 

''  Before  Ha :  883-1 

628-2 

0-597 

4 

2-6 

..        M      704-8 

445-3 

0-631 

■ 

i  After    Ha :  679-7 

479-1 

0-923 

I      M          M      412-4 

318-1 

0-771 

It  cannot  be  said  with  certainty  to  what  this  decrease  of  oxidizing 
power  is  to  be  attributed.  Deficiency  of  oxygen  as  a  cause  can  be  ex- 
cluded, as  the  supply  of  oxygen  from  the  blood  to  the  tissues  was  certainly 
sufficient.  Analyses  of  the  blood-gases  show  that  there  is  no  decrease 
in  Os  in  the  blood  during  acid  intoxication  (7).  Nor  is  the  power  of  the 
blood  to  part  with  0^  diminished  (11).  The  motor  functions  of  the 
animals  were  augmented,  owing  to  the  increase  in  the  rate  and  depth 
of  respiration  and  the  consequent  extra  muscular  exertion  involved. 
The  lowered  oxidation  must  therefore  be  due  to  the  decrease  in  metabolic 
activity  consequent  on  changes  in  the  condition  of  the  tissues  arising 
from  carbonic  acid  poisoning  or  direct  chemical  alterations  brought  about 
by  relative  deficiency  of  alkali.  Both  might,  a  prion,  decrease  the  oxida- 
tive activity.  Support  is  given  to  this  view  by  the  fact  that  a  horse 
suffering  from  acid  intoxication  oxidized  less  phenol  than  normal 
[Munk  (28)]. 

Specific  changes  in  protein  metabolism  have  not  been  distinctly 
demonstrated.  Very  accurate  experiments  have  failed,  as  a  rule,  to 
show  any  changes  in  the  protein  metabolism  of  dogs  (11,  20).  In  men 
CSoranda  and  Dunlop  found  (15,  16)  a  slight  increase  in  the  nitrogen 
elimination,  but  this  is  probably  not  due  to  the  acid  itself,  but  to  the 
loss  of  water.  Owing  to  the  ingestion  of  acid  more  salt  is  formed ;  and 
in  both  these  cases  the  diuresis  exceeded  the  intake  of  water. 

Glycosuria  has  been  observed  to  follow  the  introduction  of  acids 
into  the  stomach  and  into  veins.  Pavy  (31)  and  £.  Kiilz  (32)  injected 
phosphoric  acid  intravenously  into  rabbits ;  after  two  hours  the  latter 
found  sugar  and  albumin  in  the  urine.    Concentrated  lactic  acid  injected 
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into  the  stomach  caused  the  appearance  of  sugar  in  thirty-six  hours  (33), 
and  even  more  dilute  acid  occasionally  produces  it  before  the  urine 
contains  albumin.  Five  grammes  of  a  6  per  cent,  solution  of  hydro- 
chloric acid  introduced  into  the  stomach  of  a  dog  was  foUowed  by 
glycosuria  (34),  and  sugar  (glycuronic  acid)  is  said  to  have  appeared  in 
the  urine  of  a  man  the  subject  of  sulphuric  acid  poisoning  (35). 

Certain  cases  confirm  Naunyn's  view  (29)  that  the  occurrence  of  glyco- 
suria is  very  unusual ;  at  all  events,  the  conditions  which  determine  it 
are  very  obscure.  Most  of  the  positive  observations  refer  to  the  injection 
of  acids  in  a  form  sufficiently  concentrated  to  produce  other  severe 
disturbances.  It  cannot,  therefore,  be  determined  whether  this  is  a 
specific  anomaly  in  cases  of  acid  intoxication.  It  may  be  said  in  favour 
of  this  view,  as  will  be  seen  in  intoxications  to  be  described  later,  that 
where,  as  in  this  case,  there  is  a  decrease  in  the  oxidative  capacity  of  the 
cells,  sugar  is  found,  though  not  frequently.  It  would  be  significant  if 
glycosuria  appeared  after  the  administration  of  lactic  acid. 
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must  not  be  over-rated,  as  the  absorption  of  food  would  only  asnally 
be  reduced  in  this  manner  at  the  beginning  of  the  treatment.  The 
foUowing  observationB  are  aLso  of  interest  in  this  connection  (9) ;  they 
extended  over  a  considerable  period,  the  diet  remaining  constant,  and 
analyses  were  made  of  the  ingesta  and  excreta :  During  the  administration 
of  large  doses  of  alkalis  (sodium  bicarbonate  and  citrate)  a  considerable 
loss  of  weight  occurred  which,  from  the  condition  of  the  experiment, 
could  certainly  not  have  been  due  to  loss  of  protein ;  the  loss  of  water 
could  not  be  absolutely  excluded  as  a  causal  agent,  as  the  amount  of 
water  excreted  by  the  lungs  was  not  estimated.  A  comparison,  however, 
of  the  amount  of  water  taken  in  with  the  amounts  lost  by  the  urine  and 
feces  renders  this  supposition  improbable,  and  it  is  at  any  rate  likely 
that  the  loss  of  weight  was  partly  due  to  loss  of  body-fat.  Further 
support  is  given  to  this  view  by  the  result  of  investigations  with 
borax  (10,  11).  Under  the  circumstances,  it  seems  necessary  that 
experiments  should  be  undertaken  on  new  lines  to  determine  the  in- 
fluence of  alkalis  on  general  metabolism. 


C— PROTEIN  METABOLISM. 

Though  so  few  researches  have  been  made  on  the  influence  of  alkalis 
on  gaseous  interchange,  it  is  almost  impossible  to  review  all  the  work 
on  the  changes  occurring  in  protein  metabolism.  One  conclusion  to  be 
gathered  from  this  is  that  no  universally  accepted  results  have  as  yet 
been  obtained.  In  fact,  the  widely  divergent  figures  seem  to  render 
the  thought  of  such  a  thing  ludicrously  impossible.  First  of  all,  we  may 
leave  severely  alone  all  the  work,  very  useful  in  its  time,  which  does 
not  now  fully  come  up  to  the  standajrd  of  modem  requirements  in  a 
metabolism  experiment.  In  some  the  nitrogen  balance  was  not  calcu- 
lated (12, 13) ;  in  others,  during  the  experiment,  severe  digestive  disturb- 
ances occurred  (14),  or  the  persons  experimented  on  were  diabetics  (15), 
or  only  urea  was  estimated,  and  that  in  a  way  that,  on  calculation,  gave 
an  excretion  of  2  to  5  grammes  of  nitrogen  daily  in  men  (16).  In  some 
of  the  foUowing  experiments  the  increased  output  of  water  interfered 
with  the  value  of  the  results ;  but  as  we  know  the  effect  of  this  factor,  it 
can  be  allowed  for  in  the  conclusions.  The  remaining  references  are 
given  under  17,  25. 

1.  The  Action  of  Small  Amounts  of  AlkalL 

(a)  In  Man. 

Two  to  6  grammes  of  sodium  bicarbonate  have  no  recognisable  in- 
fluence on  protein  metabolism  (17,  18,  21,  22),  taking  the  period  during 
which  alkali  is  given  and  the  subsequent  period  together.  This  last 
is  a  necessary  precaution,  as  the  diminution  in  excretion  which  occurs 
in  the  former  is,  as  a  rule,  compensated  in  the  latter  period.  Larger 
doses  of  calcium  carbonate,  of  which  only  a  small  portion  can  have  been 
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absorbed,  gave  rise  to  no  more  effect  on  nitrogenous  excretion  (24).  It 
must,  however,  be  noted  that  the  alkaline  action  of  calcium  salts  is  much 
greater  than  might  be  supposed  from  the  amount  which  is  excreted  in 
the  urine,  because  the  calcium  neutralizes  the  acids  in  the  gastro-intestinal 
canal ;  the  alkalis,  therefore,  in  the  intestinal  and  pancreatic  secretions, 
and  in  the  food,  are  no  longer  required  for  this  purpose,  and  can  be 
utilized  to  keep  up  the  alkalinity  of  the  blood.  This  holds  true  for 
all  alkalis,  even  when  they  are  neutralized  in  the  stomach ;  less  alkali, 
from  the  intestinal  juice  or  from  the  food,  is  neutraUzed  by  the  gastric 
and  intestinal  acids.  We  must  therefore  conclude  that  all  alkalis,  even 
those  which  are  only  absorbed  to  a  slight  degree,  can,  if  given  in  sufficient 
quantity,  produce  an  alkaline  or  nearly  alkaline  reaction  in  the  urine. 


(6)  In  Dogs. 

Two  to  3  grammes  of  sodium  carbonate,  or  6  to  10  grammes  of 
calcium  carbonate,  had  no  influence  on  dogs  (26),  and  the  same  was 
observed  with  3*5  grammes  of  sodium  acetate  (25). 


2.  The  Aetion  of  Larger  Amounts  of  Alkali. 

(a)  In  Man, 

Amounts  varying  from  20  to  40  grammes  of  sodium  acetate,  bicar- 
bonate, and  citrate,  have  been  given  (19  to  23)  with  varying  results.  In 
some  cases  there  was  no  alteration  in  the  nitrogen  eUmination ;  in  others 
the  amount,  which  had  been  constant,  became,  under  the  influence  of 
alkalis,  very  inconstant,  and  showed  great  variations.  The  variation  was 
of  two  kinds :  either  the  nitrogen  during  the  following  day  was  retained, 
and  in  the  succeeding  period  gave  rise  to  a  corresponding  increase  in  the 
urine  (19  to  21),  or  from  the  beginning  there  was  a  sudden  rise  in  the 
nitrogen  excretion  followed  by  a  fall  (23).  In  no  case,  however,  did  the 
average  show  any  difference  when  compared  with  a  normal  period. 

(6)  In  Dogs. 

Doses  of  7  grammes  daily  of  sodium  carbonate  (dry  salt)  produced 
an  increase  in  nitrogen  excretion  (25) ;  the  cause  was  most  probably 
withdrawal  of  water — at  any  rate,  diuresis  was  present,  and  the  amount 
of  water  in  the  urine  exceeded  that  taken  with  food.  On  the  other  hand, 
7  grammes  of  sodium  acetate  and  phosphate  cause  a  noticeable  fall  in 
nitrogen  elimination  without  any  subsequent  rise  to  correspond.  More- 
over, in  this  case  also  there  was  diuresis.  The  cause  of  this  fall  cannot 
be  determined  with  certainty,  but  there  are  two  possible  explanations  : 
it  is  known  that  the  exhibition  of  moderate  amounts  of  alkali  produce 
a  decreased  nitrogenous  waste ;  in  this  experiment  it  might  have  exceeded 
the  increase  in  nitrogenous  waste  produced  by  the  increased  elimination 
of  water.    It  seems  more  probable,  however,  that  under  the  influence 
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of  the  salt  the  absorptioii  of  nitrogen  was  diminished — a  view,  however, 
which,  in  the  absence  of  an  analysis  of  the  fsaces,  can  neither  be  proved 
nor  controverted.  One  dog  under  the  influence  of  13  grammes  of  sodium 
acetate  showed  no  change  in  the  nitrogen  excretion  (20) ;  another  with 
10  grammes  showed  a  very  slight  rise  (27). 

These  observations  show,  on  the  whole,  that  alkalis  have  no  specific 
effect  on  the  amount  of  protein  metabolism.  The  cause  of  the  daily 
or  periodic  variations,  so  often  observed,  is  obscure.  They  remind  us  of 
the  similar  symptoms  which  occur  in  the  course  of  nephritis  and  gout, 
and  occasionally  also  are  accidentally  observed  in  apparently  healthy 
individuals  (28). 

D.-«ABBOHTDRATE  METABOLISM. 

The  alkalis,  especially  in  the  form  of  mineral  waters,  have  for  long 
been  regarded  as  remedies  for  diabetes.  Critical  researches  in  hospitals 
have  furnished  no  ground  for  this  view  (29),  while  experiments  on  the 
influence  of  alkalis  on  glycogen  formation  in  dogs  (30),  fowls  (31,  32),  and 
rabbits  (33),  have  given  no  results  of  any  value.  From  the  majority 
of  the  experiments  an  indulgent  observer  might  draw  some  support  for 
the  idea  that  alkalis  exert  some  restraining  influence  on  the  glycogenic 
function.  In  this  connection,  perhaps,  the  statement  that  sodium  car- 
bonate retards  the  action  of  diastase  on  glycogen  is  of  some  interest  (34). 


E.— CHANGES  IN  THE  COMPOSITION  OF  THE  URINE. 
1.  AlkaUnity  of  the  Urine. 

The  amount  of  urine  is  increased  by  large  doses  of  alkalis  for  the  same 
reason  as  by  the  exhibition  of  neutral  salts.  In  both  cases,  moreover, 
the  alkalinity  is  increased,  so  that  there  is  a  further  rise  in  amount  owing 
to  the  passage  of  alkalis  with  the  urine.  This  never,  however,  takes  place 
to  such  an  extent  that  the  urine  will  turn  red  litmus  paper  blue,  but  the 
hydrogen  disodium  phosphate  is  always  increased,  while  the  dihydiogen 
sodium  phosphate  is  diminished. 

This  increase  in  alkalinity  has  a  favourable  influence  on  the  solution 
of  uric  acid  concretions,  and  prevents  precipitates  from  forming  (24, 
36  to  39) ;  hence  alkalis  are  important  agencies  in  the  treatment  of  the 
corresponding  pathological  conditions  (40).  Calcium  carbonate  is 
specially  suitable  for  this  purpose,  and  has  recently  heea  extensively 
employed  (40) ;  this  substance  decreases  the  acidity  of  the  urine  more 
XK)werfully  than  the  soluble  alkalis,  owing  to  the  fact  that  it  forms  more 
insoluble  compounds  with  phosphoric  acid  in  the  intestine,  and  thus 
checks  its  absorption.  In  the  urine  less  phosphates  and  less  dihydrogen 
salts  appear,  so  that  the  acidity  is  reduced  without  the  fall  being  suffi- 
cient to  produce  an  alkaline  reaction — at  any  rate,  in  man.  An  alkaline 
reaction  is  inadvisable,  both  on  account  of  the  risk  of  precipitating  the 
phosphates  and  on  account  of  its  favouring  bacterial  growth. 
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2.  Urle  Add. 

The  reputation  so  long  enjoyed  by  the  alkalis  of  being  the  sovereign 
remedy  for  gout — according  to  Pliny  gouty  Romans  were  ordered  pow- 
dered oyster-shells  (68) — ^has  led  to  numerous  experiments  on  the  in- 
fluence of  alkalis  on  the  excretion  of  uric  acid.  Experiments  carried 
out  on  healthy  persons  by  methods  which  are  quite  reliable  show  that 
there  is  no  appreciable  effect  (24,  39,  41  to  44,  60  to  62).  The  slight 
and  temporary  decrease  in  uric  acid  excretion  noted  in  two  cases  is 
doubtless  to  be  explained  by  the  presence  of  diarrhoea  due  to  the  ex- 
hibition of  alkalis  (20,  49) ;  in  both  the  total  nitrogen  excretion  in  the 
urine  fell  in  almost  the  same  ratio  as  the  uric  acid.    For  instance  : 


Nitrogen. 


UrieAeid, 


Urie  Acid 
Niirogen. 


PreviouB  period  

Period  with  145  grammes  Bodium  acetate 
Subeequent  period        


Gm. 
26-6 
24-9 
300 


Om. 
0-82 
0-69 
0-82 


1 :  32-3 
1 :  360 
1  :  36-8 


In  experiments  by  His  (42)  on  gouty  patients  the  uric  acid  decreased 
to  such  an  extent  that  it  did  not  seem  probable  that  such  a  change  could 
be  due  to  the  alkalis  alone  (46,  69,  60).  Hence  the  therapeutic  value 
of  the  alkalis  in  gout,  so  far  as  it  exists,  must  be  attributed  to  some  other 
action.  It  is  a  remarkable  fact  that  the  compounds  of  uric  acid  with 
organic  bases  such  as  lysidin  and  piperazin,  which  are  easily  soluble  in 
water,  are  almost  insoluble  in  ph3rsiological  salt  solution  or  blood-serum  ; 
their  effect  on  the  uric  acid  excretion  is  variable  (61  to  64,  86). 

3.  Ammonia. 

The  excretion  of  ammonia  has  been  reduced  in  all  the  experiments 
hitherto  described,  both  in  normal  individuals,  and  especially  as  a  result 
of  the  increased  excretion  in  acidosis  (9,  21,  24,  63  to  66,  67,  66) ;  but  it 
cannot  be  completely  excluded  from  the  urine. 


4.  Sulphur. 

The  total  sulphur  excretion  is  not  affected  by  the  administration  of 
alkalis — a  fact  which  explains  itself,  considering  the  small  effect  produced 
on  protein  metaboUsm  (17,  19,  66) ;  in  dogs  a  slight  increase  has  been 
observed  (36).  On  the  other  hand,  the  proportion  between  oxidized 
and  neutral  sulphur  |s  remarkably  altered  in  favour  of  the  latter. 
Although  opposite  results  have  been  obtained,  these  have  been  after 
more  occasional  observations  which  were  not  so  conclusive  as  those  first 
mentioned  (43),  as  there  was  always  a  longer  interval  between  the 
estimations,  which  were  all  made  on  the  same  dog. 
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No  aocurate  condaaioiis  can  be  drawn  from  the  increase  in  neutral 
sulphur.  Our  knowledge  of  the  conditions  which  determine  the  excretion 
of  sulphur  is  not  sufficiently  wide  to  allow  of  our  drawing  any  inference 
as  to  a  diminution  in  oxidizing  power  from  an  observation  such  as  this. 
The  same  reason  does  not  permit  our  inclusion  of  an  obserration  of 
Auerbach's  (56),  which  shows  that  under  the  influence  of  alkalis  a  dog 
formed  more  phenol  from  benzol  than  without  them.  We  have  no  right 
to  quote  this  in  support  of  other  oxidations,  as  very  different  chemical 
processes  underlie  the  various  oxidation  processes  of  the  animal  body. 


5.  Etbenal  Sulphates. 

The  influence  of  alkalis  on  the  excretion  of  ethereal  sulphates  has 
frequently  been  investigated,  as  it  was  hoped  that  some  information 
could  by  this  means  be  gained  as  to  the  value  of  the  gastric  hydrochloric 
acid  as  an  intestinal  disinfectant.  Li  those  suffering  from  hyperacidity 
(76,  77),  and  those  under  treatment  with  acids  (78,  79),  there  was  a 
decrease,  but  in  those  with  subacidity  there  was  an  increase  in  the 
ethereal  sulphates  of  the  urine.  Li  the  same  way  it  is  said  that  the 
exhibition  of  alkalis  is  usually  followed  by  an  increased  excretion  of 
aromatic  sulphates  (9,  47,  48).  On  the  other  hand,  von  Noorden  (45) 
and  others  (80  to  83)  found  no  increase  in  cases  of  acidity,  apepsia  gastrica, 
and  total  resection  of  the  stomach,  and  others  observed  no  changes  even 
after  the  administration  of  alkalis.  From  this  we  may  conclude,  as  is 
very  generally  believed  at  the  present  time  (84),  that  the  gastric  hydro- 
chloric acid  produces  no  special  effect  on  intestinal  asepsis.  Hence  the 
neutralizing  power  of  alkalis  is  also  unimportant  (85). 


6.  Ozybutyrie  Add. 

The  excretion  of  oxybutyric  acid  in  diabetes  is  considerably  increased 
(65),  being  due,  as  Magnus-Levy  supposes,  to  increased  formation  rather 
than  excretion  of  the  acid,  which  is  set  free  from  some  protein  combina- 
tion. 

7.  Fixed  Alkalis. 

The  disturbances  now  to  be  described  are  the  result  of  the  administra- 
tion, not  only  of  alkalis,  but  also  of  neutral  salts.  They  are  grouped 
together  because  alkalis  were  used  in  most  of  the  investigations.  It 
must,  too,  be  noted  that  the  action  of  the  salts  of  vegetable  and  fatty 
acids,  which  will  be  dealt  with  in  the  following  pages,  resembles  that  of 
the  alkaline  salts  (viz.,  carbonates),  into  which  they  are  converted  after 
introduction  into  the  body. 

Bunge  showed  that,  after  taking  potassium  salts  (citrate,  phosphate, 
or  chloride),  the  organism  loses  sodium  in  the  form  of  common  salt, 
and  hence  he  concluded  that  the  organism  required  common  salt  when 
the  diet  contained  much  potassium.    He  suggested  two  possible  causes 


DRUGS  AND  POISONS  1077 

for  this  lofis  of  common  salt :  either  the  potassium  combines  with  the 
sodium  salts  in  the  blood,  thus  forming  abnormal  combinations  which  are 
useless  to  the  organism  and  are  excreted,  or  the  potassium  salts  '*  stimu- 
late" the  excretion  of  sodium  salts  mechanically.  As  to  how  the 
"'  washing  out "  is  accomplished,  we  cannot  at  present  form  any  idea. 

In  order  to  determine  which  of  these  two  possibilities  took  place 
in  reality,  Bunge  tried  the  effect  of  a  sodium  salt  (citrate).  For  if  the 
increased  sodium  excretion  is  always  the  result  of  a  "washing  out" 
process,  sodium  salts  taken  into  the  body  should  produce  increased 
sodium  excretion — ^in  other  words,  sodium  should  expel  sodium  from  the 
organism  as  well  as  potassium.  The  result  of  this  experiment  was  that, 
though  there  was  an  increased  excretion  of  potassium,  there  was  no 
increase  of  chlorine  ;  hence  it  was  certain  that  no  excess  output  of  NaCl 
could  occur.  But  this  important  research  is  not,  in  our  opinion,  entirely 
conclusive.  Indeed,  Bunge  himself  considers  it  "  not  quite  clear."  For 
he  conducted  the  experiment  immediately  after  the  one  with  potassium 
which  we  have  described,  by  which  the  organism  had  lost  so  much  sodium 
chloride,  and  was  thus  so  poor  in  that  salt  at  the  beginning  of  the  sodium 
experiment  that,  although  he  took  about  2  grammes  of  common  salt 
per  diem,  the  urine  only  contained  about  half  that  amount.  Thus,  want 
of  chlorides  cannot  be  excluded  as  a  cause  of  the  failure  to  produce 
increased  chlorine  excretion. 

A  dog  fed  with  a  diet  poor  in  common  salt,  when  treated  with  Kd, 
was  found,  on  the  contrary,  to  excrete  less  and  not  more  sodium  in  the 
urine  (67) ;  and  likewise  another  dog,  which  was  given  sodium  immediately 
after  having  been  dosed  with  sulphuric  acid,  retained  potassium  phosphate, 
and  excreted  slightly  less  rather  than  more  sodium.  Thus  it  was  con- 
cluded that  the  amount  of  sodium  was  an  indication  of  the  degree  to  which 
the  sodium  was  reduced  (68).  Bunge  comes  to  the  following  conclusions  : 
''  Of  the  two  explanations  which  we  have  suggested  for  the  increased 
excretion  of  sodium  and  chlorine  after  the  exhibition  of  potassium, 
the  experiments  quoted  do  not  support  the  last-mentioned — ^viz.,  that  it 
is  a  mechanical  process  depending  on  increased  diffusion  and  filtration. 
Against  it  is  the  fact  that  sodium  citrate  does  not  increase  the  excretion 
of  chlorine,  and  the  facts  that  sodium  salts  increase  the  excretion  of 
potassium,  and  those  of  potassium  the  sodium,  are  much  better  ex- 
plained on  the  former  supposition — ^viz.,  that  of  a  chemical  interaction." 
If,  owing  to  legitimate  doubts  as  to  the  value  of  these  experiments,  we 
are  not  convinced  that  chemical  interaction  alone  is  the  cause  of  the 
increased  sodium  excretion,  though  doubtless  it  is  so  to  a  certain  extent, 
we  shall  find  other  exx)eriments  which  can  only  be  explained  on  the 
assumption  of  a  further  factor  acting  in  concert  with  the  chemical  one 
in  producing  this  result. 

It  has  already  been  shown  that  in  dogs  sodium  phosphate  (69)  or 
acetate  cause  a  loss  of  sodium  and  potassium  (69).  KozersM  found  that 
the  ingestion  of  sodium  citrate  leads  to  an  increased  output  of  chlorides, 
and  that  not  only  more  potassium,  but  more  sodium,  is  excreted  than  is 
ingested.  There  was  so  little  diuresis  that  it  is  highly  improbable  that 
this  alone  could  cause  the  increased  excretion  of  bases ;  59  c.c.  of  water 
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was  pufised  in  excess  of  the  intake.  The  foUowing  considerations  show 
how  important  this  experiment  is  in  deciding  the  question  in  hand  : 
During  the  first  sodium  period  the  excretion  of  chlorine  exceeded  that 
of  the  previous  period  (after  the  loss  of  the  excess  of  chlorine  ingested) 
by  4*0991  grammes  per  diem,  whereas  for  sodium  (equally  after  the  loss 
of  the  excess  of  sodium  ingested)  the  figure  was  0-4412  gramme  per  diem, 
and  for  potassium  0-4184  gramme. 

Li  the  period  immediately  following,  with  a  still  greater  intake  of 
sodium,  the  average  daily  excess  of  output  over  intake  was  3*9115  grammes 
Na^O.  This  great  increase  of  sodium  excretion  after  sodium  ingestion 
is  clearly  not  caused  by  chemical  interacticm,  and  shows  that  a  mere 
process  of  this  sort  cannot  explain  the  changes  in  alkali  excretion  under 
the  influence  of  the  ingestion  of  salts.  Some  other  factor  must  be  at 
work.  Of  what  nature  this  is  we  cannot  guess,  but  no  clear  conception 
is  gained  by  using  the  term  ^'  washing  out "  of  one  salt  by  another  without 
the  intervention  of  diuresis. 

Moreover,  in  Kozerski's  experiments,  the  increase  in  chlorine  excretion 
reached  the  amount  necessary  to  neutralize  the  excess  of  sodium  and 
potassium  excreted,  whence  it  foUows  that  the  salts  themselves  were 
excreted  as  carbonates ;  the  other  fixed  acids  in  the  urine  were  not 
increased.  As  an  example  of  this  the  following  figures  taken  from 
Kozerski's  work  are  cited  : 


Om. 
1314 
17-46 
14-96 
12-82 


||3 


Gm. 
1-95 
2-27 
2-47 
1-56 


Gn. 
1M9 
16-19 
11-48 
11-26 


Bxenium  of  Nafi. 


OalcuUted 
from  CI 
Boaidtte. 


Om. 

9-70 
13-27 
10-90 

9-83 


Found. 


Gm. 

9-61 
16-66 
18-44 

0-87 


Gm. 
0-26 
3-38 
8-44 
0-87 


Gm. 

3-4 
9-4 


Difference, 


-0-26 
-fO-02 
+  0-96 
-0-87 


0-15 


In  this  connection,  moreover,  it  is  of  interest  to  note  that  increased 
alkali  excretion  can  be  brought  about  by  very  different  circumstances. 
In  some  early  and  careful  experiments  on  rabbits,  Katsuyama  produced 
alkali  excretion  with  a  variety  of  diuretic  agents,  and,  what  is  of  greater 
importance,  to  the  same  extent  whether  diuresis  occurred  or  not  (76). 


8.  Inorganie  Adds. 

The  changes  in  acid  excretion  under  the  influence  of  alkalis  elucidates 
the  question  as  to  whether  alkalis  act  contrarily  to  acids  in  the  sense  of 
causing  their  excretion  from  the  organism. 
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(a)  Hydrochloric  Acid. 

In  oases  where  there  is  no  special  chlorine  hunger,  as  in  Bunge's 
experiment  akeady  cited,  the  excretion  of  hydrochloric  acid  is  increased 
correspondingly  to  that  of  the  fixed  alkalis. 


(6)  Stdphnric  Acid. 

Sulphuric  acid  excretion  has  been  studied  in  men  and  dogs.  Experi- 
ments on  the  former  showed  clearly  that  no  change  was  brought  about 
by  the  action  of  alkalis ;  in  the  latter,  as  we  have  already  seen,  there 
was  a  considerable  diminution  of  the  unoxidized  sulphur. 


(c)  Phosphoric  Add. 

The  excretion  of  phosphorus  is  variously  influenced  by  different 
kinds  of  alkalis.  In  the  first  place,  there  is  a  difference  in  the  action 
of  the  true  alkalis  and  the  alkaline  earths.  The  latter  invariably  decrease 
the  excretion  because  they  hinder  the  absorption  of  a  portion  of  the 
phosphorus  taken  as  food  by  the  formation  of  insoluble  phosphates  in 
the  intestine  (71  to  75).  Whether  they  also  cause  an  excretion  of 
phosphoric  acid  from  the  intestinal  wall  is  uncertain ;  experiments  on 
dogs  show  that  phosphates  injected  subcutaneously  are  quantitatively 
excreted  in  the  urine  whether  the  intestine  is  deluged  with  calcium 
carbonate  or  not.  We  have  already  discussed  the  practical  therapeutic 
application  of  this  fact.  In  the  case  of  the  true  alkalis  the  action  appears 
to  differ  according  as  potassium  and  sodium  are  employed.  Bunge 
and  others  have  found  the  amount  of  phosphorus  excreted  uninfluenced 
by  sodium  salts.  On  the  other  hand,  treatment  by  potassium  salts 
caused  a  considerable  fall  in  phosphorus  excretion  in  nearly  all  Bunge's 
experiments.  Without  further  observations  the  cause  for  this  cannot 
be  decided,  but  the  following  considerations  appear  of  importance.  On 
a  normal  diet  herbivora  excrete  nearly  all  their  phosphorus  and  calcium 
by  the  bowel.  The  urine  is  almost  free  from  calcium  and  phosphorus, 
and  remains  so  when  the  latter  is  given  subcutaneously,  this  also  passing 
out  by  the  bowel.  It  is  only  on  animal  diet  or  during  starvation  that  as 
much  phosphoric  acid  and  calcium  are  excreted  in  the  urine  of 
herbivora  as  of  camivora,  whilst  the  latter  also,  on  a  vegetable  diet, 
excrete  these  bodies  in  the  faeces  like  herbivora.  Thus  the  variation  in 
the  method  of  excretion  is  not  due  to  the  constitution  of  the  animal, 
but  to  the  nature  of  the  diet.  The  cause  does  not  lie  in  the  alkalinity 
of  a  vegetable  diet,  as  when  the  urine  of  camivora  in  the  above  expen- 
ments  was  rendered  alkaline  by  the  administration  of  sodium  the  in- 
testinal excretion  of  phosphorus  was  not  increased.  The  exhibition  of 
potassium,  on  the  other  hand,  in  the  presence  of  a  sufficiency  of  calcium 
in  the  diet  led  to  an  excretion  of  phosphoric  acid  in  the  f »ces  of  camivora, 
and  we  must  thus  seek  for  the  explanation  of  the  presence  of  phosphoric 
acid  in  the  f^ces  in  the  relative  richness  in  potassium  and  calcium  in  a 
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vegetable  diet,  and  oonvenely  with  a  diet  of  fleah.  How,  then,  does  the 
potassium  act  1  Bertram  has  cleared  up  the  question  by  the  observa- 
tion that  the  exhibition  of  calcium  citrate  considerably  decreases  not  only 
the  phosphoric  acid,  but  also  the  calcium  in  the  urine  (in  one  case  within 
three  days  from  0*5  to  0*28  gramme),  an  action  which  is  not  shared  by 
sodium.^ 

The  cause  of  the  varied  action  of  potassium  and  sodium  on  calcium 
excretion  in  the  urine  is,  according  to  Bertram,  that  the  calcium  phosphates 
found  in  the  body  fluids  are  insoluble  in  potassium  carbonate,  and  hence 
cannot  be  excreted  in  the  urine  ;  they  are,  however,  soluble  in  the  corre- 
sponding sodium  compound. 
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IV.— BORIC  ACm  AND  BORAX. 

The  action  of  this  group,  as  far  as  it  is  known,  closely  resembles 
that  of  the  alkalis.  Boric  acid  and  borax  may  correctly  be  described 
together,  owing  to  the  very  slight  acid  properties  of  the  former ;  this  is 
shown  by  the  fact  that  even  large  doses  do  not  increase  the  NH^ 
excretion. 

The  boron  preparations  have  been  the  subject  of  much  recent  in- 
vestigation owing  to  their  extensive  use  as  food  preservatives.  Owing 
to  the  statement  that  boron  preparations  give  rise  to  a  marked  loss  of 
weight  in  man  (2),  their  influence  on  gaseous  metabolism  has  been  studied 
by  the  large  calorimeter  (1).  The  loss  of  weight,  as  has  previously  been 
shown,  is  by  no  means  invariable  (3).  During  the  first  seven  days  of  a 
"  borax  period,"  Neumann,  in  a  very  exact  experiment  on  himself,  lost 
1,200  grammes  in  weight  (nearly  3  pounds) ;  during  the  next  three  days 
he  put  on  600  grammes  (over  1  pound) ;  while  during  the  second  '*  borax 
period"  his  weight  underwent  no  change  (4).  Experiments  on  dogs 
showed  no  regular  loss  of  weight  (5,  2).  Rubner,  in  his  two  series  of 
experiments  on  man,  had  shown  a  rise  in  fat  metabolism  on  daily  doses 
of  3  grammes  of  borax ;  these  increases,  however,  were  not  so  great  as 
the  loss  of  weight  in  other  cases  might  lead  one  to  expect  (6).  Moreover, 
the  rise  varied  considerably  in  the  two  series  of  experiments :  in  one 
case  it  was  29  per  cent.,  and  in  the  other  10  per  cent.  Corresponding 
experiments  have  been  made  by  Loewy  on  two  dogs,  one  normal  and  one 
castrated.  The  gaseous  exchange  during  rest  was  estimated  by  the 
Geppert-Zuntz  method  in  the  latter,  3  grammes  of  borax  being  adminis- 
tered daily  over  a  period  of  eleven  days.  There  was  a  rise  of  40  per  cent, 
in  the  gaseous  metabolism.  In  the  first  animal  no  change  was  observed, 
although  it  was  under  the  influence  of  borax  for  six  days  longer  than  the 
castrated  animal.  A  consideration  of  these  experiments  suggests  that 
the  action  of  the  borax  depends  upon  individual  proclivities. 

That  it  is  not  specific  for  borax,  but  depends  more  on  simple  alkali, 
or  rather  salt  effect,  is  seen  on  comparison  with  the  experiment  detailed 
above  (p.  1071),  in  which  a  splayed  bitch,  after  a  dose  of  3  grammes 
of  soda  for  twelve  consecutive  days,  showed  an  increase  of  gaseous 
metabolism  equal  to  that  after  borax  (30  per  cent.). 

As  in  the  case  of  the  alkalis,  the  action  of  borax  on  protein  meta- 
bolism has  been  the  subject  of  very  numerous  investigations,  probably 
for  the  same  reason — viz.,  the  failure  to  obtain  uniform  results.  In  man 
a  daily  intake  of  3  grammes  of  boric  acid  impairs  absorption  and  slightly 
decreases  the  output  of  urea  (7).  The  impairment  of  absorption  may 
be  noted  after  as  little  as  0-5  gramme  of  boric  acid  has  been  added  to 
the  food.  This  observation  has  been  several  times  confirmed  (8).  By 
var3ring  the  plan  of  the  experiment,  it  has  been  shown  that  this  decreased 
absorption  is  apparently  the  result  of  an  increased  peristalsis— often 
amounting  to  diarrhoea — ^which  takes  place  a  few  hours  after  food  is 
ingested.    Tunnicliffe   and   others   (4,  9)   have  found   that   moderate 


1064  THE  PATHOLOGY  OF  METABOLISM 

doses  do  not  increase  protein  metabolism ;  in  fact,  in  one  case  there  was 
a  slight  fall  in  urea  excretion.  Rost's  careful  experiments  on  different 
individuals  showed  sometimes  an  increase  and  sometimes  no  change 
in  the  nitrogenous  excretion.  As  was  often  observed  in  the  case  of  the 
alkalis,  the  figures  rose  and  fell  abruptly  on  certain  days. 

As  to  animal  experiments,  M.  Gruber  (10)  found  that  large  doses  acted 
like  alkalis  in  raising  protein  metabolism,  possibly  on  account  of  increased 
loss  of  water.  Chittenden  and  Giess  found  that  moderate  doses,  insuffi- 
cient to  produce  the  effect  of  salts,  failed  to  disturb  nitrogenous  equili- 
brium. Rost's  experiments  gave  no  constant  results.  Apart  from 
impeding  absorption,  boric  acid  and  borax  do  not  appear  to  exert  any 
specific  influence  on  protein  metabolism,  but  act  exactly  like  the  neutral 
salts,  causing  an  increase  owing  to  their  diuretic  action.  Jn  some  cases 
they  may,  however,  lead  to  a  slight  decrease ;  in  others  they  do  not  pro- 
duce any  change. 
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v.— POISONS  WHICH  PRODUCE  SYMPTOMS  CHARACTERISTIC 
OP  WANT  OP  OXYGEN. 

The  life  processes  of  animals^  normally  depend  chiefly  upon  the 
oxidation  of  foodstuffs.  If  the  supply  of  oxygen  is  limited,  certain 
changes  occur  which  vary  according  to  the  degree  of  deprivation  of 
oxygen ;  if  this  is  relatively  slight,  but  continuous — as,  for  instance, 
during  residence  at  high  altitudes — a  new  formation  of  erythrocytes 
and  hsemoglobin  occurs  (1  to  3) ;  there  is  usually  at  the  same  time  an  in- 
creased gaseous  exchange  (4),  and  there  is  protein  increase.    All  these 

^  Anaerobic  bacteria  are  no  real  exception.  In  the  first  place,  they  are  generally 
claased  among  plants,  not  animals  ;  and,  in  the  second  place,  they  only  di£Fer  from  other 
plants  in  not  obtaining  oxygen  from  the  air. 
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phenomena  are  probably  the  result  of  over-compensation  (6) ;  on  a  return 
to  lower  levels  they  are  reversed,  but  if  ansBmia  had  formerly  existed, 
the  increased  action  of  the  blood-forming  organs  produced  by  life  at  high 
altitudes  continues  (6).  Excessive  deprivation  of  oxygen  acts  in  a  very 
different  manner,  as  will  be  seen  by  certain  circumstances  to  be  men- 
tioned later — the  experiments  being  mostly  of  short  duration.  In  these, 
by  help  of  the  oxygen  stored  in  the  organism,  the  vital  processes  could 
at  first  be  maintained  for  some  time  to  a  normal  degree,  but  not  in  the 
normal  manner.  This  explains  to  a  great  extent  the  process  occurring  in 
anaerobes  ;  it  is  in  reaUty  probably  a  decomposition  process.  A  partial 
or  local  anaerobiosis  also  occurs  normally,  as  when,  for  example,  the 
special  demands  of  one  particular  organ  set  up  temporarily  a  relative 
want  of  O2  elsewhere. 

The  poisons  which  interfere  with  the  absorption  of  oxygen  can  produce 
this  condition  in  various  ways  : 

1.  TJiose  which  prevent  the  proper  oxygenation  of  the  tissues  (a)  by 
chemical  changes  in  the  erythrocytes  and  their  function — ^to  this  class 
belong  carbon  monoxide  on  the  one  hand,  and  certain  other  bodies  on 
the  other,  each  of  which  will  be  separately  dealt  with ;  {b)  by  influencing 
such  processes  as  respiration  and  circulation,  which  maintain  the  normal 
oxygenation  of  the  blood — ^to  this  class  belong,  among  others,  the  nar- 
cotics, curare  in  the  absence  of  artificial  respiration,  etc. ;  (c)  by  increasing 
oxygen  consumption  whilst  the  supply  remains  normal,  thus  causing 
a  relative  want  of  oxygen — ^in  this  class  come  the  tetanizing  poisons — 
e.g.,  strychnine. 

2.  Those  which  decrease  the  oxidative  power  of  the  tissues  by  a  direct 
influence  on  them.  In  this  class,  in  the  first  place,  comes  prussic  acid ; 
to  a  certain  extent,  as  will  later  on  be  shown  in  detail,  a  similar  action 
occurs  with  phosphorus,  arsenic,  and  certain  of  the  heavy  metals,  such  as 
iron,  mercury,  and  antimony.^  At  any  rate,  in  poisoning  with  all  these 
substances,  many  of  the  chemical  symptoms  resemble  those  produced 
by  deficiency  of  oxygen,  though  there  is  no  evidence  that  the  amount 
or  nature  of  the  oxygen  supply  to  the  cells  is  in  any  way  altered.  The 
possibility  is  strengthened  by  the  fact  that  small  doses  of  these  substances, 
as  far  as  has  been  ascertained,  cause  a  similar  group  of  symptoms  as  are 
produced  by  a  slight  limitation  in  oxygen  supply  (residence  at  high 
altitudes),  and  that  toxic  doses  produce  a  condition  resembling  asphyxia. 
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A.— BLOOD  POISOKS. 

1.  Carbon  Monozlda. 

The  essential  peouliarity  of  poisoning  by  carbon  monoxide  is  the  power 
of  the  gas  to  form  a  stable  compound  with  hsBmoglobin»  so  that  the  latter 
cannot  fully  exercise  its  function  as  an  oxygen  carrier.  Very  exact 
investigations  by  Haldane  and  others  have  shown  how  the  presence 
of  oxygen  and  carbon  monoxide  in  varying  proportions  affect  the  com- 
binations of  the  h»moglobin  (1  to  5).  The  question  as  to  whether  00 
has  any  specific  toxic  action,  or  whether  its  effects  are  due  to  the  ex- 
clusion of  oxygen,  has  been  much  disputed.  The  majority  of  authors 
(6  to  12)  incline  to  the  latter  theory,  on  the  ground  that  it  is  observed 
that  a  supply  of  oxygen  rapidly  relieves  the  disturbance  (8,  22  to  24),  and 
because  of  the  fact  that  animals  which  possess  no  hemoglobin,  like  insects, 
stand  CO  without  harm.  Other  investigators  (13  to  15)  hold  the  opinion 
that  the  action  is  not  due  to  absence  of  oxygen  on  the  ground  that  certain 
other  after-symptoms  appear  in  cases  of  poisoning  in  man  (15  to  21). 
It  is  difficult  to  decide  which  view  is  correct,  especially  as  it  is  not  possible 
experimentally  to  produce  a  deficiency  of  oxygen  such  as  occurs  when 
increasing  quantities  of  CO  are  slowly  mixed  with  the  inspired  air  (20) 
in  any  other  way. 

(a)  The  Blood  Gtues. 

The  blood  gases  in  carbon  monoxide  poisoning  have  been  investigated 
in  animals  by  Saike  and  Wakayama  (2,  25),  whose  results  are  tabulated 
below : 


Normal  RabbU. 

Normal  Dog. 

COa  Volume. 

Og  per  Cent 

GOa  Volume. 

Os  per  Cent 

30-00 

12-64 

30-40 

20-00 

GO-Polflonlng. 

OO.Pol0onlng. 

9-26 
8*63 
7-23 
6-21 

4-74 
6-62 
6-66 

7-e2 

16-76 

16-60 

3-22 

6-26 
6-20 
201 
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It  is  easy  to  see  how  it  is  that  the  amount  of  oxygen  which  may  be  with- 
drawn decreases,  considering  the  method  of  action  of  CO  as  already 
explained ;  it  is  also  easy  to  see  why  the  amount  of  the  decrease  varies 
under  different  conditions  of  intoxication.  On  the  other  hand,  the 
behaviour  of  the  carbon  dioxide  requires  special  explanation.  As  is 
seen  by  the  table,  the  amount  of  the  gas  also  decreases  regularly  and  at 
times  excessively.  Various  possible  causes  have  been  assigned  for 
this. 

1.  Decreased  formation  owing  to  an  intoxication  of  the  tissues,  which 
retards  oxidation.  This  cannot  be  regarded  as  the  only,  or  only  impor- 
tant, causative  factor,  because  Meyer  (27),  some  years  ago,  showed  that 
a  very  large  diminution  of  CO2  formation  only  causes  a  quite  gradual 
and  trivial  fall  in  the  proportion  found  in  the  blood. 

2.  Improved  aeration  of  the  blood  owing  to  increased  respiration. 
Carbon  monoxide  poisoning,  however,  does  not  so  influence  the  respira- 
tion that  any  increased  passage  of  CO,  from  the  blood  into  the 
expired  air  can  be  ensured.  The  fact  that  the  blood  for  gas  analysis 
was  first  taken  a  much  longer  time  after  the  poisoning  than  Ewald 
showed  was  necessary  for  the  restoration  of  the  normal  proportion 
of  COf  is  against  this  factor  taking  any  important  share  in  the 
phenomenon  (28). 

3.  Decrease  in  the  alkalinity  of  the  blood.  In  the  majority  of  cases 
of  decrease  of  CO,  in  the  blood  this  is  the  principal  cause.  Various 
considerations  show  that  at  any  rate  the  most  important  fact  in  CO- 
poisoning  is  an  increase  in  the  acidity  of  the  blood.  In  the  first  place, 
a  diminution  in  alkalinity  has  been  determined  by  titration  (29) ;  then 
it  has  been  shown  in  fowls  that  during  CO-poisoning  the  amount  of 
sarcolactic  acid  in  the  blood  rises  from  about  0*0269  per  cent,  to  0*1227 
per  cent.^ 

The  fact  that  in  dogs,  who  generally  react  to  acid-poisoning  by  only 
a  slight  decrease  in  the  amount  of  CO,  in  the  blood  (31),  the  latter  sinks 
so  low  is  no  objection  to  the  view  that  the  cause  is  an  acidosis.  Results 
may  occur  when  acids  are  given  by  the  mouth  differing  from  those  which 
appear  when  they  are  formed  in  the  tissues,  as  in  the  latter  case  they 
probably  combine  with  the  fixed  alkalis  on  the  spot  before  they  can  be 
neutralized  by  ammonia.  In  dogs,  moreover,  the  direct  introduction 
causes  a  marked  fall  in  the  carbon  dioxide. 

The  next  question  is  as  to  the  cause  of  the  acidity  of  the  blood.  It 
must  first  be  shown  that  deprivation  of  oxygen  influences  the  alkalinity 
of  the  blood. 

Galeotti  (33)  found  in  himself  and  others  a  reduction  of  the  alkalinity 
of  the  blood  of  about  40  per  cent,  after  some  days'  stay  on  Monte  Rosa. 
He  also  showed  a  much  slighter  diminution  in  animals  which  for  some 
hours  had  inspired  an  atmosphere  poor  in  oxygen.  A  decrease  in  the 
COg  content  of  the  blood  was  also  found  in  animals  by  Mosso  and 
Marro  (34). 

^  It  18  not,  of  ooone,  implied  tiiat  other  aoids  do  not  oiroulate  in  increased  amounts 
in  the  blood.  Appsrently — at  least,  in  the  case  of  snlphnrio  and  phosphoric  acids-^this 
is  the  result  of  protein  metabolism,  as  the  latter  is  increased. 

VOL.  m.  69 


1088  THE  PATHOLOGY  OP  METABOLISM 

It  can,  then,  be  regarded  as  certain  that  the  decrease  in  alkalinity 
in  the  blood  in  CO-poisoning  is  due  to  deprivation  of  oxygen,  for  this 
produces  an  acidosis  of  the  organism  dependent  for  its  degree  on  the 
oxygen  requirements  of  the  cells.^ 

(6)  Oaseous  Metabolism. 

It  is  very  difficult  to  decide  experimentally  the  question  as  to  wheth^ 
oxidation  processes  are  specifically  affected  by  CO,  or  whether  they  merdy 
suffer  from  a  diminution  of  the  oxygen  supply.  It  is  hardly  possible 
to  arrange  absolutely  comparable  quantitative  experiments  showing  the 
results  of  scarcity  of  oxygen  produced  by  carbon  monoxide  and  that  pro- 
duced in  other  ways.  So  we  must  content  ourselves  with  evidence  that 
certain  similarities  exist  between  the  gaseous  metabolism  in  CO-poisoning 
and  in  conditions  of  poverty  of  oxygen,  such  as  that  produced  by  rare- 
faction of  the  atmosphere.  In  contrast  to  the  great  number  of  experi- 
ments on  the  results  of  diminished  supply  of  oxygen  on  metabolism 
(35  to  37,  45),  the  number  of  observations  on  metabolism  in  CO-poisoning 
is  very  small.  By  means  of  a  special  technique  it  was  shown  that  a  dog 
breathing  air  containing  0*2  per  cent.  CO — so  that  less  than  half  the 
Hb  was  saturated  with  0^ — ^inspired  the  normal  amount  of  oxygen, 
but  expired  considerably  more  than  the  normal  amount  of  CO,  (39). 
The  same  result  has  been  obtained  in  various  degrees  when  the  supply 
of  oxygen  was  decreased  by  other  methods.  The  fact  that  with  a  certain 
extent  of  poisoning  the  intake  of  0,  remains  unchanged  can  only  be 
explained  by  supposing  that  the  much  diminished  functional  activity 
of  the  Hb  is  compensated  by  deeper  breathing,  which  usually  occurs 
both  in  CO-poisoning  and  in  other  conditions  of  diminished  O,  supply. 
Naturally,  this  compensation  is  only  possible  in  any  case  up  to  a  certain 
point,  so  that  in  deep  intoxication  the  O,  intake  is  observed  to  fall  (40). 
Moreover,  an  unaltered  0,  intake,  in  spite  of  increased  respiratory 
movements,  means  a  relative  fall  in  O2  intake,  which  becomes  absolute, 
as  we  have  seen,  in  more  extreme  cases.  The  cause  of  the  latter  is 
doubtless  a  disturbance  in  the  oxidizing  activity  of  the  tissues  owing  to 
extreme  want  of  oxygen.  The  fact  that  the  output  of  CO2  is  increased 
can  be  explained  on  various  grounds.  That  it  does  not  decrease  is  in 
consonance  with  what  is  observed  very  often  in  conditions  of  marked 
scarcity  of  oxygen — ^namely,  that  for  some  time  the  CO,  output  continues 
unaltered,  probably  owing  to  some  different  form  of  metabolism  to  that 
which  occurs  with  a  normal  O,  supply.  Under  these  conditions  the 
CO,  output  is  probably  not  less  than  normal,  having  regard  to  the  in- 
creased respiratory  activity.  But  the  increase  in  excretion  must  not  be 
referred  entirely  to  a  merely  probable  increase  in  production.  It  is  more 
likely  that  the  increased  ventilation  of  the  blood  is  due  to  increased 
respiratory  action  consequent  on  the  expulsion  of  CO,  from  its  chemical 
combination  in  the  blood  by  stronger  acids  {vide  supra). 

^  Probably  the  oomatose  oondition  of  those  Doisoned  by  coal  gas  is  sometimes  mainly 
caused  by  this  acidosis,  and  may  be  favouiably  influenoed  by  the  exhibition  of  soda, 
though  speoific  damage  to  the  oerebral  oentres  from  prolonged  deprivation  of  oxygen 
cannot  be  excluded  as  a  cause. 
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We  must,  then,  conclude  that  gaseous  metabolism  in  carbon  monoxide 
poisoning  does  not  differ  from  that  in  simple  deprivation  of  oxygen  ; 
with  certain  degrees  of  poisoning  the  interchange  resembles  the  normal, 
but  is  raised  by  increased  muscular  activity.  In  the  deeper  intoxications 
it  is  diminished.  The  chemical  interchange  is  invariably  abnormal — 
namely,  anaerobiotic. 


(c)  Protein  Metabaliwn. 

In  man  the  excretion  of  nitrogen  is  considerably  increased  imme- 
diately on  the  cessation  of  poisoning  and  for  two  or  three  days  after- 
wards (42,  43) ;  the  same  thing  has  been  observed  in  dogs  (44,  45),  the 
increase  being  much  greater  in  starving  animals  (50  per  cent,  as  compared 
with  15  per  cent.).    The  following  table  contains  Jeanneret's  results  (44) : 


Doif, 

AmouiUfrom 
7  p.wi.  to  7  a,m. 

AnumnSfrom 

7  a.m,  to  12.30 

Noon. 

AmouiUfrom 

12.20  Noon  to 

7  p.m. 

Ttoentff'four 
Hours. 

Urine. 

UrML 

Urine. 

Uxee. 

Urine. 

Uxee. 

Urine. 

Urea. 

1 
2 
3 
4 
51 

CO. 

110 
126 
106 
115 
116 

Om. 
7-3 
8-1 
80 
8-2 
90 

0.0. 
130 
186 
163 
130 
140 

Om. 
3-2 
3-2 
31 
3-0 
2-8 

C.C. 

90 
96 
66 
76 
220 

Om. 
2-7 
2-6 
2-9 
2-5 
4-6 

0.0. 
320 
407 
323 
319 
476 

Om. 
13-2 
13-8 
13-9 
13-8 
16-4 

^The  cause  of  this  increase  in  protein  metabolism  is  undoubtedly  the 
diminution  in  oxygen  supply,  and  the  question  then  arises  as  to  how 
this  is  brought  about.  The  theory  that  it  is  due  to  increased  diuresis  (46) 
has  been  disproved  by  the  fact  that  the  increase  in  nitrogen  is  often 
first  noted  when  the  diuresis  has  ceased  (47,  48).  Again,  the  great  differ- 
ence observed  in  fasting  and  feeding  animals  is  against  this  theory.  It 
must  be  a  condition  of  increased  protein  decomposition,  which,  indeed, 
IB  often  compensated  by  a  subsequent  retention.  This  increased  decom- 
position may  be  primarily  due  to  a  direct  injury  to  the  protoplasm  owing 
to  deficiency  in  oxygen,  or,  secondarily,  owing  to  some  interference  with 
the  use  of  non-nitrogenous  material. 

The  latter  supposition  may  be  excluded,  as  in  this  case  there  would 
have  to  be  increased  urea  excretion  during  the  intoxication,  since  Speck 
has  recently  proved  most  conclusively  that  urea  formed  by  the  oxidation 
of  protoplasm  is  excreted  with  marked  rapidity.  But  even  if  we  suppose 
that  during  the  intoxication  only  the  non-nitrogenous  moiety  of  the  proto- 
plasm is  oxidized,  we  have  no  right  to  suppose  that  the  organism  has  not 
the  power  to  burn  up  the  fats  and  carbohydrates.  Relying,  therefore, 
on  the  classical  statements  of  Fraenkel  and  Miescher  (49),  we  must  regard 
the  increased  excretion  of  nitrogen  as  the  expression  of  a  primary  damage 


^  Poisoning  with  00  from  7  a.m.  to  12.30  noon. 


69—2 


1090  THE  PATHOLOGY  OP  METABOLISM 

to  the  cell  protoplasm,  which  is  broken  up  owing  to  the  deficiency  of 
oxygen,  at  first  into  fragments  incapable  of  excretion.  The  oxidation 
into  urea  occurs  subsequently,  owing  to  the  need  of  the  organism  for  fuel 
and  a  supply  of  oxygen. 

The  experiments  of  Miescher  and  others  (50  to  52),  and  Jacoby's 
recent  researches  into  auto-digestion  of  organs  (53),  render  it  probable 
that  an  excessive  fermentative  protein  decomposition  takes  place  in  the 
absence  of  an  adequate  supply  of  O,.  To  account  for  the  increase  in 
nitrogen  excretion  observed  in  fasting  animals,  it  has  been  supposed  that 
the  increased  activity  of  the  respiratory  muscles  is  partly  provided  for 
by  protein,  which,  as  usual,  gives  rise  to  work  and  heat ;  this  must  be 
added  to  the  amount  decomposed  owj^ng  to  want  of  oxygen.  It  seems, 
however,  more  likely  that,  owing  to  the  presence  of  non-nitrogenous 
material  in  the  feeding  animal,  a  partial  resynthesis  occurs  between  these 
and  the  products  of  protein  decomposition. 


(d)  The  DisHbfUion  of  the  Urinary  Nitrogen. 

In  a  severe  case  of  carbon  monoxide  poisoning  in  man  there  was  only 
a  very  slight  increase  in  the  urinary  ammonia,  but  there  was  the  remark- 
ably high  uric  acid  excretion  of  3  grammes.  On  the  next  day  there  was 
a  return  to  the  normal  (43).  This  was  not  observed  in  other  oases,  but 
has  been  confirmed  by  Noel  Paton  (55).  The  aounonia  excretion  has 
also  been  observed  in  animab  (54).  Amino-acids  have  not  been  found 
in  experimental  cases,  but  it  seems  probable  that  they  are  present  in  small 
amounts  in  the  urine  in  CO-poisoning  (56). 


{e)  Excretion  of  the  Inorganic  Oonstiinenls  of  Urine. 

The  excretion  of  phosphorus  closely  corresponds  to  that  of  nitrogen. 
This  has  also  been  observed  in  dyspnoea  (57).  There  are  no  estimations 
of  the  total  sulphur  extant,  but  it  is  safe  to  assume  that  the  sulphur  is 
raised  as  in  experiments  with  oxygen  deficiency,  and  there  is  a  rise  in 
the  amount  of  so-cfidled  **  neutral "  sulphur  without  any  change  in  the 
sulphuric  acid  excretion  (58). 

With  regard  to  the  excretion  of  chlorine,  dogs,  if  rich  in  chlorine,  show 
a  marked  decrease  in  the  urinary  chlorides,  an  increase  if  they  are  not 
rich  in  chlorine  (59).    There  is  no  clear  explanation  of  this. 


(/)  Abnormal    Urinary    Constituenia. 

Lactic  acid  is  found  in  CO-poisoning  just  as  it  is  in  cases  of  deficiency 
of  O2  due  to  an»mia  (62)  and  dyspncea  (54,  60) ;  it  occurs  in  men,  in  fed 
and  in  starved  dogs  and  rabbits  (62),  and  has  been  identified  as  saroo* 
lactic  acid. 

The  increase  in  the  blood  has  already  been  noted  (61) ;  less  than  the 
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normal  amount  has  been  fomid  in  muscle  (63).    These  facts  suggest  the 
following  questions : 

1.  Is  the  oxidation  of  lactic  acid  interfered  with  ? 

2.  Is  the  formation  of  lactic  acid  increctsed  ? 

3.  Is  more  lactic  acid  formed  and  less  oxidized  ? 

1.  That  the  oxidation  of  lactic  acid  is  diminished  is  shown  by  the 
fact  that  if  injected  subcutaneously  it  passes  into  the  urine  unchanged  (64). 

2.  It  cannot  be  determined  with  certainty  whether  more  lactic  acid 
is  formed.  The  increased  amount  in  the  blood  might  be  due  merely  to 
diminished  oxidation.  At  any  rate,  the  observed  increase  in  lactic  acid 
in  muscle  cannot  be  held  to  prove  the  contrary ;  it  merely  makes  it  prob- 
able that  no  increased  formation  takes  place  in  muscle.  It  may  occur, 
however,  in  other  organs ;  in  arsenical  poisoning  the  amount  found  in 
different  organs  varies  considerably  (65).  There  are,  however,  no  analyses 
of  other  organs  in  CO-poisoning.  It  is  probable  that  more  lactic  acid 
is  actually  formed,  and  that  it  arises  from  carbohydrate,  for  in  another 
example  of  relative  oxygen  privation  (namely,  overlying)  the  liver,  when 
removed  from  the  body,  readily  formed  lactic  acid.  If  this  were  so,  it 
would  explain  the  small  amount  of  lactic  acid  found  in  muscle. 

Observations  of  the  most  varied  nature  [Embden,  Lusk,  Mandel 
(66-67)]  make  it  most  probable  that  it  is  not  only  outside  the  body 
(cf.  arsenic)  that  carbohydrates  may  yield  lactic  acid,  which,  however, 
does  not  imply  that  they  are  its  only  source  (68).  Though  it  cannot  be 
absolutely  denied  that  muscles  have  the  power  of  forming  glycogen,  it 
is  certain  that  the  liver  furnishes  carbohydrate  in  accordance  with  the 
muscle  requirements.  In  CO-poisoning  the  liver  loses  glycogen ;  either 
it  converts  it  into  sugar  which  passes  into  the  urine,  or,  under  the  in- 
fluence of  want  of  oxygen,  it  forms  lactic  acid,  which  is  then  excreted 
by  the  kidne3rs.^  In  both  cases  the  muscle  will  obtain  less  glycogen 
than  normal,  and  so  less  material  for  the  manufacture  of  lactic  acid. 
Hence,  in  CO-poisoning,  the  formation  of  lactic  acid  (probably  from 
glucose)  is  increased,  and  also  its  oxidation  is  diminished. 

Olueoae  is  often  present  in  the  urine,  but  not  always,  even  after  severe 
CO-poisoning  (69  to  80).  The  excretion  begins  during  the  intoxication, 
generally  with  marked  diuresis,  and  appears  to  be  checked  by  the  estab- 
lishment of  the  increased  nitrogen  excretion. 

The  proximate  cause  of  the  glycosuria  is  hyperglyc»mia,  which  has 
been  found  in  dogs  and  fowls  (82).  This,  again,  is  caused  by  destruction 
of  glycogen  of  the  liver — ^at  any  rate,  very  little  was  found  in  the  livers 
of  CO-poisoned  animals  (83) ;  on  the  other  hand,  glycosuria  did  not  occur 
in  fasting  animals.  The  length  of  the  fast  necessary  to  prevent  glyco- 
suria varied  considerably ;  then,  after  an  exactly  similar  previous  diet, 
there  was  no  sugar  in  one  case  on  the  third  and  in  another  on  the  ninth 
day.  Moreover,  it  also  failed  to  occur  when  the  hepatic  artery  was 
tied,  and  when  acid  was  injected  into  the  liver  (84).  But  the  occurrence 
of  glycosuria  does  not  only  depend  on  whether  the  intoxication  is  estab- 

^  Digestion  axperiments  with  the  liyer  render  it  prol>able  that  it  has  this  power. 
Similar  experiments  with  muscle  gave  negative  results. 
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lished  when  tiie  animal  is  being  fed  or  fasting,  but  also  on  the  kind  of 
food  it  has  previously  taken.  This  explains  why  glycosuria  does  not 
always  occur. 

A  diet  of  flesh  alone  disposes  dogs  to  glycosuria.  Anomalous  results 
with  dogs  in  nitrogenous  equilibrium,  and  others  fed  on  flesh  only,  are 
explained,  tiiough  doubtfully,  as  due  to  the  slightness  of  the  intoxication. 
Li  one  instance,  at  any  rate,  this  explanation  will  not  hold  good,  as  the 
dog,  after  a  week  on  meat  only,  excreted  no  sugar  in  spite  of  a  most 
severe  intoxication.  Some  special  factor  must  have  co-operated  in  this 
case. 

A  diet  with  excess  of  carbohydrates  (bread  and  sugar)  appears  not 
to  favour  the  appearance  of  glycosuria  according  to  Straub's  experi- 
ments, whereas  Rosenstein  noted  a  maximum  of  sugar  on  a  similar  diet. 
As  against  Straub's  experiments  on  dogs  may  be  mentioned  cases  in  man 
in  which  there  was  slight  alimentary  glycosuria.  In  rabbits  fed  on 
carbohydrates,  Araki  regularly  found  sugar ;  others  have  found  it  in 
starving  and  also  in  well-fed  ducks,  but  in  these  and  in  geese  the  results 
are  not  uniform. 

On  the  observation  that  glycosuria  was  favoured  by  a  meat  diet, 
Rosenstein  and  Vamossy  tried  to  isolate  the  glycogenic  moiety  from  the 
products  of  tryptic  digestion  of  fibrin.  They  thought  that  the  mono- 
amino  acids  rather  than  the  diamine  acids  and  peptones  were  the  more 
active  (86).  Weber  (86)  actually  produced  a  marked  glycosuria  in 
poisoned  dogs  which,  before  fasting,  had  been  given  only  aspartic  and 
glutamic  acids  (mono-amino  diacids). 

These  researches,  which  were  carried  out  without  any  control  of  the 
general  metabolism,  or,  at  least,  without  an  effective  control,  are  not 
sufficient  to  determine  the  opposing  influences  of  carbohydrate  or  protein 
diet.  We  are  not  yet  in  a  position  to  say  whether  the  substances  after 
the  injection  of  which  glycosuria  appeared  themselves  afforded  material 
for  sugar  formation,  or  only  indirectly  stimulated  its  production  from 
pre-existing  glycogen.^ 

Just  as  it  IB  in  CO-poisoning,  so  in  all  cases  of  deficient  O^-supply 
the  occurrence  of  sugar  in  the  urine  is  very  variable,  especially  in  man  (87). 
Li  animals  the  results  are  more  constant. 

Albumin,  as  in  all  intoxications  producing  a  deficient  supply  of 
oxygen,  is  almost  invariably  present  in  the  urine. 

In  addition  to  this,  the  synthesis  of  hippuric  acid  and  of  the  ethereal 
sulphates  is  decreased  (88  to  90). 
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2.  Other  Blood  Poisons. 

In  this  group  are  to  be  found  a  large  number  of  bodies  which  differ 
considerably  from  one  another  in  their  chemical  composition,  but  physio- 
logically resemble  one  another  in  producing  changes  in  the  erythrocytes 
and  h8Bmoglobin»  thus  interfering  with  the  chemical  and  mechanical 
means  whereby  the  oxygen  supply  to  the  tissues  is  maintained.  The 
phenomena  are  due  to  partial  deprivation  of  oxygen  modified  by  the 
specific  action  of  the  various  substances. 

Many  of  these  substances  in  quite  small  doses  produce  blood 
changes.  In  the  case  of  poisoning  by  nitrites,  chlorates,  tannic  acid, 
pyrogaUol,  arseniuretted  hydrogen,  and  toluylendiamine,  the  symptom- 
complex  is  entirely  dominated  by  this  action.  Others  bring  about  the 
same  result  only  in  large  doses  or  by  the  long-continued  use  of  small 
doses ;  in  this  class  belong  many  substances  which  will  be  dealt  with 
later  on — e.g.,  bodies  of  the  antipyrin,  salicylic  acid,  and  phenol  groups, 
and  substances  like  phosphorus,  and  many  heavy  metals,  the  other 
actions  of  which  are  more  conspicuous. 

We  shall  now  deal  briefly  with  those  actions  in  which  no  distinction 
can  be  drawn  between  the  effect  on  the  blood-corpuscles  and  other 
special  effects  which  accompany  it. 

Protein  metabolism  is  increased  by  relatively  small  doses  of  chlorates 
(1),  pyrogallol  (2  to  4),  pyrodin  (5),  toluylendiamine  (2),  and  gallic 
acid  (2) ;  by  toxic  doses  of  bodies  of  the  antipyrin  class  (aniline,  para- 
amido-phenol,  quinoline,  hydrazine,  and  their  derivatives),  acetanilide  (6), 
and  thallin  (7,  8).  In  the  last  group,  as  with  salicyl  and  the  heavy  metals, 
it  is  impossible  to  say  what  part  of  the  blood-changes  brings  about  the 
protein  decomposition.  In  the  case  of  salicyl  and  the  heavy  metals 
(with  the  exception  of  mercury,  perhaps,  which  has  a  severe  destructive 
action  on  the  erythrocytes),  the  breaking  up  of  protein  is  part  of  a  general 
toxic  action  on  protoplasm. 
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The  alkalinity  of  the  blood  is  diminished.  The  cause  of  this  is  prob- 
ably partly  the  acid  nature  of  the  decomposition  products  of  the  erytiuo- 
cytos  [lecithin  (9)],  and  partly  the  deficiency  in  oxygen,  with  the 
consequent  increase  in  protein  decomposition  and  the  production  of 
acid  bodies  (lactic  acid,  etc.) ;  the  decreased  alkalinity  has  heea  deter- 
mined in  the  following  instances  by  estimation  of  CO,  and  titration  : 
nitrates  (10),  toluylendiamine,  salicylic  acid,  cholalic  add,  iodine  and 
salts  of  hydriodic  acid  subcutaneously,  pyrodin,  glycerin,  arseniuretted 
hydrogen,  and  pyrogallol  (13,  28).  The  action  of  ether  (subcutaneous 
injection)  is  very  doubtful ;  the  diminution  in  alkalinity  observed  by 
Kraus  cannot  be  attributed  to  the  action  on  the  blood,  and  other  observes 
have  failed  to  note  any  such  decrease  (14). 

Li  some  cases,  in  spite  of  marked  decrease  in  the  oxygen  content  of 
the  blood,  there  was  a  normal  amount  of  carbonic  acid,  which  may  be 
looked  on  as  adverse  to  the  view  that  deficiency  of  oxygen  is  the  cause 
of  the  fall  in  alkalinity.  More  careful  analyses  show  that  these  findings 
must  be  grouped  with  exceptions  of  the  following  kind  : 

H.  Mami's  Rssui/ra. 


Volume  CO^,            Volume  0,. 

Gat,  normal 

Cat,  NO^-poifloniiiff     . . 
Gat,  toluylendiamine  . . 

PwGttit 
270 
18-1 
25-2 

FwCant. 

140 

2-4 

6-2 

The  O,  had  diminished  from  one-seventh  to  one-third  without  any 
corresponding  fall  in  COs.  The  explanation  probably  lies  in  the  fact 
that  the  breathing  became  so  inadequate  shortly  after  the  poisoning 
(both  dogs  died  soon  after  the  samples  of  blood  were  drawn)  t^at  the 
high  percentage  of  00,  was  due  to  a  retention  of  the  acid.  We  cannot 
conclude  that  there  was  necessarily  a  marked  diminution  of  alkalinity 
to  titration  in  these  cases. 

f  A  rapid  loss  of  glycogen  was  found  after  poisoning  by  amyl  nitrite  (15) 
and  carbolic  acid  (16).  Though  this  is  not  necessarily  connected  with  its 
solution  in  the  blood,  we  must  regard  it  as  a  frequent  occurrence  when 
poisons  act  on  the  blood  on  account  of  the  frequency  of  glycosuria  depen- 
dent on  hyperglycsBmia. 

Glycosuria  has  been  also  observed  after  chlorates  (17  to  19),  amyl 
nitrite  (20  to  22),  aniline  (12,  23),  nitrobenzol  (24),  and  ortho-nitro- 
phenol-propionic  acid  (26) ;  probably  in  many  other  similar  cases  also. 
The  cause  has  been  but  little  investigated ;  we  only  know  that  it  usually 
does  not  occur  in  starved  animals,  but  whether — ^like  the  glycosuria  of 
00-poisoning — ^it  depends  on  the  nature  of  the  food  has  not  been  deter- 
mined. Lactic  acid  has  been  detected  both  in  fasting  and  fed  animals 
(rabbits  and  dogs)  after  poisoning  by  amyl  nitrite.  The  neutral  sulphur 
was  found  to  be  increased  in  pyrogallol  poisoning  (4). 

In  pyrogallol  and  toluylendiamine  poisoning  a  remarkable  increase 
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in  chlorideB  has  been  observed  in  dogs  poor  in  chlorine,  as  after  CO- 
poisoning  (26). 

Decreased  oxidation  of  benzol  and  decreased  formation  of  hippuric 
acid  have  been  noted  after  pyrogallol,  and,  in  addition,  decreased  ethereal 
sulphates  after  amyl  nitrite  (27).  In  poisoning  by  the  diamines  there 
was  decrease  in  the  formation  of  hippuric  acid,  but  not  of  glycuronic 
acid  or  the  ethereal  sulphates  (1) — ^the  latter  were  decreased  in  CO-poison- 
ing  (vide  supra). 
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B.— POISOHS  WmCH  IHDIRECTLT  DUnrURB  THE  RELATIONSHIP 
BETWEEN  DTTEBNAL  AND  EXTERNAL  RESPIRATION. 

The  poisons  hitherto  deecribed  act  by  changing  the  hsemoglobiny 
and  ao  diminiRhing  the  absolute  supply  of  oxygen  to  the  tissues ;  others 
produce  a  deficiency  of  oxygen  by  disturbing  the  respiratory  or  circu- 
latory apparatus  which  normally  preserves  a  proper  supply,  or,  leaving 
these  intact,  increase  the  requirements  of  the  muscles  to  an  extensive 
degree. 

The  deficiency  in  oxygen  is  thus  indirectly  produced,  and  it  must  be 
understood  that  no  actual  deficiency  has  been  experimentally  recognised ; 
the  similarity  of  the  symptoms  produced  by  direct  deficiency  has,  how- 
ever, led  to  the  assumption  that  it  exists.  Hence  it  wiU  easily  be  seen 
that  in  many  cases  it  is  difficult  to  decide  whether  poisons  should  be 
classed  in  this  group,  or  in  that  subsequently  to  be  described,  in  which 
the  oxidizing  power  of  the  protoplasm  is  directly  damaged.  The  ex- 
perimental data,  moreover,  are  too  scanty  to  admit  of  the  absolute  ex- 
clusion of  other  factors  in  the  production  of  the  symptoms.  For  practical 
reasons  we  shall  follow  Hoppe-Seyler's  (1)  classification,  without  prejudice 
to  the  possibility  of  the  occurrence  of  analogous  symptoms  due  to  O^ 
deficiency. 

Those  which  belong  to  this  group  are  the  narcotics,  in  doses  sufficient 
to  influence  the  respiration  and  eventually  the  circulation,  especially 
morphine,  ether,  acetone,  chloroform  and  curare  in  doses  which  paralyze 
respiration. 

The  specific  action  of  curare  not  dependent  on  deficiency  of  oxygen 
will,  with  veratrine  and  cocaine,  be  dealt  with  in  another  place.  It  is 
questionable,  in  the  case  of  both  these  poisons,  whether  they  produce 
the  group  of  symptoms  shortly  to  be  described  actually  and  solely 
through  inhibition  of  the  respiration  or  circulation,  or  as  the  result  of 
a  direct  action  on  the  cells  diminishing  their  oxidative  capacity. 

Proiein  metabolism  is  much  increased  both  in  starving  and  fed  dogs 
by  large  toxic  doses  of  morphine  (2).  Such  doses  should  also  decrease 
the  alkalinity  of  the  blood  throughout  this  entire  group  of  poisons,  as, 
wherever  it  has  been  investigated,  there  has  been  a  material  increase  of 
lacUc  add  in  the  blood  (6).  Estimations  of  CO,  have  been  made  in  the 
case  of  strychnine^  (3,  4)  and  morphine  (5). 

In  poisoning  by  morphine,  curare,  veratrine,  cocaine  and  strychnine 
(7)  sarcolaclic  acid  and  albumin  were  regularly  formed  in  the  urine,  whether 
the  animals  were  starved  or  fed. 

Glycosuria  occurred  after  ether  narcosis  (8),  inhalation  of  acetone 
(9  to  12),  morphine-poisoning  (13  to  19),  strychnine-poisoning  (14, 20  to  23), 
and  veratrine  and  cocaine  poisoning  (14).  The  etiology  of  these  condi- 
tions has  not  yet  been  determined. 

The  same  thing  is  true  in  glycosuria  after  CO-poisoning,  and  after 
asphyxial  conditions  from  various  causes. 

^  A  strikingly  low  proportion  of  oxygen  in  the  blood  was  also  found. 
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The  very  thoroughly  investigated  subject  of  curare  glycosuria  deserves 
special  mention.  It  was  discovered  by  Claude  Bernard  (25),  who  ob- 
served it  apparently  under  conditions  of  unimpaired  respiration.  The 
view  that  it  was  not  due  purely  to  deficiency  of  oxygen  (20,  26  to  29) 
is  partly  disproved  by  the  fact  that  it  was  regularly  absent  under  artificiiJ 
respiration  (30).  Again,  in  curarized  winter  frogs,  in  which  the  O,  ab- 
sorbed by  the  skin  is  sufficient  for  the  requirements  of  the  organism, 
glycosuria  was  regularly  absent  (31).  The  fact  that  glycosuria  appeared 
after  quite  small  doses  given  by  the  mouth,  and  insufficient  to  produce 
paralysis,  is  no  disproof  (32).  Possibly  the  usual  kind  of  curare  was  not 
used,  as  careful  subsequent  experiments  with  various  kinds  of  curare 
failed  to  confirm  this  result  (28).  Against  the  view  that  oxygen  deficiency 
is  the  sole  causative  factor  are  the  following  observations  :  In  one  experi- 
ment the  glycosuria  was  most  irregular  under  apparently  identical 
conditions  (33),  but  this  may  have  been  due  to  individual  differences 
in  the  O^  requirements  of  the  animals,  naturally  not  applicable  to  the 
controls.  On  the  other  hand,  active  summer  frogs,  ev^i  under  condi- 
tions of  extreme  privation  of  0,,  did  not  respond  by  glycosuria,  tiiough 
whether  the  muscles  contained  sugar  was  not  determined  (41,  42).  A 
very  important  objection  is  the  observation  that  frogs,  even  after  the 
removal  of  the  lungs,  show  no  glycosuria  (34). 

Equally  striking  is  the  want  of  concordance  in  the  results  as  to  the 
significance  of  the  glycogen  content  as  a  precursor  of  glycosuria. 
Glycosuria  was  observed  in  dogs  after  a  week's  fasting,  but  here 
glycogen  may  have  been  present  (35).  After  the  glycosuria  the  livers 
of  frogs  still  contain  a  considerable  store  of  glycogen  (42),  but  this 
need  not  have  been  completely  destroyed  by  the  curare.  Babbits 
showed  hyperglycsBmia  without  glycosuria.  On  the  other  hand,  glyco- 
suria did  not  occur  in  animals  poor  in  glycogen,  and  an  enormous  de- 
struction of  the  latter  has  been  observed  under  the  influence  of  curare  (37). 

These  contradictory  results  may  be  partly  attributed  to  unreliable 
methods  of  estimating  glycogen.  Moreover,  we  know  from  results  in 
00-poisoning  that  not  every  kind  of  diet  gives  rise  to  glycosuria,  and, 
finally,  experiments  on  frogs  are  not  absolutely  comparable  to  those  on 
mammals.  We  cannot,  therefore,  conclude  with  absolute  certainty 
that  glycosuria  is  not  solely  caused  by  dyspnoBa ;  it  is  probable  that 
other  concomitant  causes  cannot  be  excluded.  It  is  interesting  to  note 
that  there  are  but  few  poisons  which  do  not  occasionally  give  rise  to 
sugar  in  the  urine. 

Ether  and  acetone  glycosuria  is  more  certainly  due  to  deficiency  of 
oxygen.  Neither  occurs  if  a  sufficient  oxygen  supply  is  kept  up ;  similar 
glycosuria  occurs  with  hydrogen  (38),  sulphuretted  hydrogen  (39),^and 
nitrous  oxide  (40). 

During  starvation  glycosuria  occurs  after  poisoning  with  veratrine, 
cocaine,  morphine,  acetone,  ether,  and  strychnine.  The  infiuence  of 
food  has  been  investigated  in  the  case  of  morphine,  but  hasgiven  no  certain 
results.  In  the  case  of  ether,  as  with  00-poisoning,  meat  diet  seemed 
to  predispose  to  glycosuria,  whereas  carbohydrates  did  not. 

GlycsBmia  as  the  proximate  cause  of  glycosuria  baa  been  found  in 
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the  oase  of  ether,  aoetone,  and  morphine ;  the  glucoee  excretion  follows 
the  destruction  of  glycogen,  as  has  been  proved  for  strychnine,  morphine, 
and  other  substances. 

Probably  the  so-called  transfusion  glycosuria  should  be  classed  here, 
because  the  large  amount  of  salt  solution  introduced  with  the  blood 
dilutes  it  and  produces  a  deficiency  of  oxyhsmoglobin  (41). 

The  cause  of  the  destruction  of  glycogen  is  as  obscure  as  it  is  in  CX)- 
poisoning.  It  would  be  of  value  to  know  the  amount  of  glycogen  in  the 
livers  of  well-fed  animals  in  which  poisoning  has  failed  to  produce  glyco- 
suria. It  is  not  known  whether  it  is  decreased  or  not ;  in  the  former  case 
it  must  be  converted  into  some  body  other  than  sugar. 
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C— PRUSSIC  ACID  AND  THE   POISONS  WHICH  APPARENTLY 
INFLUENCE THE-OXUWtTiyE^ACTIVlTY  OF  THE  CELLS.         \ 

Although  symptoms  of  deficiency  of  oxygen  are  invariably  produced 
by  a  deficiency  in  the  oxygen  supply  of  the  cells,  and  especially  as  a 
secondary  effect  when  the  oxidative  activity  of  the  cells  has  been  impaired 
by  long  deprivation,  the  poisons  we  shall  now  describe  give  rise  to 
symptoms  which  exactly  correspond  to  these  without  there  being  any 
obvious  alteration  in  the  amount  or  condition  of  the  oxygen  supply  to 
the  tissues.  We  must  therefore  assume  some  chemical  change  in  the 
cells  themselves  which  prevents  their  utilizing  completely  or  partially 
the  oxygen  which  is  supplied  to  them  in  the  normal  manner.  The  result 
is  naturaUy  the  same,  namely,  life  without  oxygen.  This  method  of 
poisoning  is  only  markedly  seen  in  prussic  acid,  which  we  are  about  to 
describe ;  to  a  certain  extent  probably  it  occurs  with  the  inorganic 
bodies  phosphorus,  arsenic,  antimony.  Similarly  acting  organic  bodies 
are  the  halogen  narcotics,  oil  of  pennyroyal,  cantharides,  and  possibly 
salicylic  acid.  The  grouping  of  these  bodies  together  must  not  be  taken 
to  mean  that  their  often  obscure  actions  are  identical,  but  that  a  certain 
resemblance  may  be  noted  in  the  symptoms  they  produce. 

1.  Pmsslc  Add. 

Our  knowledge  of  the  behaviour  of  the  0^  intake  and  CX),  output 
during  the  different  stages  of  poisoning  by  prussic  acid  in  large  doses 
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(1  milligramine  per  kilograinme)  in  rabbits,  cats,  and  dogs  is  founded 
on  the  researches  of  Geppert. 

In  the  first  stages  of  poisoning  there  is  a  certain  amount  of  restlessness, 
and  the  amount  of  0,  inspired  is  somewhat  increased  (estimated  paiUy 
by  Zuntz's  and  partly  by  a  modification  of  Begnault-Bcdset's  method). 


OXTQXET  CONSUMFTIOK  FIB  MlHim  DT  aa^ 


Normal 

During  poifloning 


21 

26*7 


28-8,  33*7,  33-1,  31-6        39*7.  39-3.  35*7.  42*1 


46-4,  46*8 


60*0>  65*0,  66*0 


When    the   intoxication   is   more   intense   very   different   figures    are 
obtained: 

OxTonr  OovsuMFnoN  aitd  VoLun  ot  RBBpnunoN  fsb  Mnnm. 


Normal 

During  polBOiiing 

Normal 

During  poisoning 

Normal 

During  poisoning 


(512. 504, 458).  23-4. 21-9. 23*8 
(821.  518),  15*8. 17-4 

21-5  21  35-4        

15*7        19*5.  151        21*2        19*8. 24*0, 28*9 

29*3. 27*2. 28-8, 33*7        33-1.  31-6        39-7, 39-3. 35-7. 42>1 


(395).  20-7 
(924, 551, 832),  5-0. 9-4, 91' 

30-9  14-6 

12-3* 


160. 16*6.21-6.20*0 


18*6 


26*7,21-7 


In  this  stage  the  0,  consumption  is  regularly  and  markedly  decreased ; 
the  animals,  however,  are  more  restless  than  normal,  and  the  change 
from  the  higher  to  the  lower  figures  cannot  be  recognised  by  observing 
their  behaviour.  When  the  poisoning  is  temporary,  and  the  animal 
recovers,  the  figures  during  the  stage  of  recovery  usually  rise  again 
before  settling  down  to  normal.  The  following  table  gives  a  clear  picture 
of  the  course  of  events  during  the  various  stages  : 

Qi  OovBUMPnoir  fib  Mnnm  in  0.0. 


Number 

ofSxperi- 

metU. 

Normal. 

Paimmed, 

Behimio 
Normal. 

AHerthe 

Poimm 

uBemoved. 

Anima. 

Flnt  Period. 

SeoondPwlod. 

8 
11 
21 
22 
25 
27 
28 

22-7 
20*7 
35-4 
30*9 
28*8 
39*7 
35-7 

40^ 
60*40 
46*40 
80^2 
65-46 

16-8-17-4 

50-9-4 

21-2-19*8-24*8 

24*0-28-9 

16-0-20-0 

261 

21*7 

44*8 
30-5-30*8 
60-6-58-2 
36*6-52-0 

23-8 

30-9 

33^7 
39-3 
42-1 

Babbit. 
Rabbit. 

Oat. 
Dog. 
Dog. 

When  the  poisoning  is  more  severe,  a  second  stage  supervenes,  charac- 
terized by  severe  spasms,  which  in  a  normal  animal  would  produce  a 
marked  rise  in  the  consumption  of  O^.  In  poisoned  animals,  however, 
dogs  alone  show  any  such  rise,  and  then  only  at  the  b^;inning  of  the 
spasms.     Otherwise  there  is  only  a  diminution  of  O^  consumption. 

^  The  figures  above  and  below  the  lines  apply  to  the  same  animal  in  one  or  more 
ezperiments.    The  bracketed  figores  indicate  yolnme  of  respiration. 
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Of  CONSUMPnOK  AKD  VOLUMS  OW  BsSFIBATIOir  PSB  MiNXTTB. 

BtOM.  jRalM.  Dog. 

Normal  /  (^24, 483)  (416)  (1,240,  1,200,  1.400) 

••         •'1    20-8.  190  16-1  66-4,  63-2,  610 


Daring  spaBms 

Normal    . . 
Daring  Bpaams 


13-6  61  71-9 

(857)  (1,041)  (6,600) 

Dog.                      Dog,  Dog.  Dog. 

f  (1,676,  1,598,  1,711)  (1,605)  (1,123)  (1,241.  1,371) 

1040,  940,  105  0             780            57-0  600,  64  0 

1160                       44-6            360  390 

L             (11,160)  (6,033)  (6,870)  (6,758) 


BaNfU.  Dog.  lUMU.  Baibii. 

Normal    ..         ../    (321)  (M2)  -  - 

1      15  1  620  21-5, 21-0  28-0 

DarimrsiMBma   ../     11'3  540  12-8.  10-2  19 O' 

^   P»»™   "t  (1,262)  (7,166)  -  - 

Cai. 
Normal    ..         ..      33  1,  31  6,  29-3,  27  2 
Daring  spaama   . .  13-0,  23-3 

In  nearly  all  cases  the  0^  consumption  is  markedly  diminished  in  spite 
of  severe  convulsions. 

In  order  to  confirm  still  more  this  very  remarkable  result,  Oeppert 
tetanized  normal  and  poisoned  animals  to  the  same  degree  and  for  the 
same  length  of  time.  Estimations  of  the  oxygen  intake  showed  that  in 
all  cases  it  was  below  normal  in  the  poisoned  animals,  often  below  that 
for  normal  non-tetanized  animals.  The  oxidation  process  was  calculated 
at  two-thirds  to  four-fifths  less  than  normal. 

During  the  paralysis  following  the  spasms  the  0^  intake  often  rises, 
apparently  owing  to  the  fact  that  the  action  of  the  prussic  acid  by  this 
time  1b  beginning  to  pass  off. 

The  symptoms  are  the  sckme  when  the  poison  is  administered  subcu- 
taneously  or  intravenously. 

From  these  experiments  we  may  conclude  that  the  action  of  prussic 
acid  is  to  decrease  oxidation  processes  in  the  animal  body. 

The  estimation  of  the  amount  of  CO^  found  is,  of  course,  of  much 
importance  for  determining  the  nature  of  the  changes  on  which  the  motor 
phenomena  depend.  This,  however,  cannot  be  directly  determined, 
the  amount  of  CO^  excreted — ^which  alone  can  be  estimated — ^is  not 
the  sole  result  of  CO^  formation.  It  is  more  possible  to  estimate 
the  latter  by  the  activity  of  the  respiration  and  the  alkalinity  of  the 
blood.  Both  these  factors  infiuence  the  CO,  content  of  the  blood  in 
the  sckme  direction ;' increased  respiration  and  alkalescence  both  produce 
a  fall. 

The  first  table  on  p.  1102  gives  Geppert's  results. 

The  GOj  in  arterial  blood  sinks  remarkably  during  the  intoxication 
(eventually  to  about  half  its  orginal  amount),  and  under  the  circumstances 
the  fall  is  very  rapid  (36). 
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00^  Df  0.0.  IN  100  CO.  Bu>OD. 


Number 
ol  Experi- 
ment, 

34 

36 
36 
33 
37 

29 

38 
39 

Normal 
AnimaU, 

Poieoned 
Animals, 

i 
Semarke.                             1 

ArtariaL 

Venous. 

Artoriftl. 

Vonoua. 

41*1 

43-7 
40-3 

41-4 

360 
44-8 

60*3 
46-2 

220 

18-0 
23-6 
17-7 
23-9 

7-7 
110 
27-6 

48*2 

30*2 
35-3 

17-0 
331 

Doff;  arterial  in  fint  spMin;  veDcnis 
ouring  paralysis. 

Rabbit ;  six  miautee  after  injecticMi. 

Rabbit ;  after  spaBniB. 

Rabbit ;   yenous   at   end   of   spasms ; 

arterial  during  paralysis. 
Babbit ;   yenous   (1)  at   beginning   of 

poisoning ;    arterial   eleyen    minntes 

after. 
Spasms ;  venous  (2)  thirty  minutes  after 

spasms. 
Bog;    seyere   poisoning;    yenous   two 

minutes  after  arterial. 
Babbit ;  at  beginning  of  spasms. 

The  CX)s  content  of  venous  blood  sinks  to  below  the  usual  figure  for 
arterial.  Thia  fall  in  the  blood  content  explains  how  during  intoxication 
the  CX),  output  increases  in  proportion  to  the  intckke  of  0^. 

ExoEinoK  ow  00^  nr  aa  fos  xvbbt  100  aa  O,. 


Nwnber 
of  Ex- 

Animal. 

Normal, 

Poisoned  in  Various  Stages, 

^^^X^'^ 

NannaLafter 
Three  Hoora. 

Seoond  Stage 
(Spaama). 

Panlyila. 

4 

Babbit 

90 

130.  93.  82 

70 

92 

94.89.64 

8 

Rabbit 

86 

Flnt  Stage  (no 
SpMma). 

_ 

131,  92.  80 

"  ■  ■  -  '  ■ 

9 
10 

Dog 
Dog 

72 
70 

Plr.t 

Stage. 

Spaama. 

PanJyala. 

^asrs.- 

NonnaL 

Ill 
98 

89, 145 
115 

112,  134 
97,98 

67 
81 

71 
61,69 

As  the  respiration  is  always  increased,  we  must  attribute  some  of  the 
faU  in  the  CO^  content  of  the  blood  and  its  increase  in  expired  air  to  this 
circumstance.    Geppert  does  not  regard  this  as  the  sole  cause — 

1.  Because  the  00^  excretion  reaches  normal  so  slowly. 

2.  Because  in  experiment  No.  8  in  a  slightly  poisoned  animal  which 
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had  no  spasms,  in  which  the  amount  of  air  expired  was  normal  (518  as 
against  512  normal),  for  every  100  o.o.  of  inspired  O2, 92  c.c.  CX)2  (as  against 
86  c.G.  normal)  was  excreted.    The  difference  is  small. 

Geppert  also  concluded  that  the  alkalinity  of  the  blood  must  be 
diminished,  which  is  highly  probable  when  one  remembers  that  it  fails 
owing  to  insufficient  oxygenation  of  the  tissues.  For  this  it  is  of  no  con- 
sequence whether  the  insufficiency  arises  from  a  diminished  supply 
(as  in  CO-poisoning),  or  in  a  diminished  power  in  the  tissues  to  use  it. 
That  spasms  are  the  only  cause  is,  moreover,  shown  by  the  facts  that  the 
CO  diminishes  in  the  blood  before  they  set  in,  and  the  increase  in  acidity 
after  the  spasms  is  only  the  result  of  a  relative  want  of  oxygen. 

The  question  next  arises  as  to  whether  there  is  increased  formation 
of  COj.  Geppert  found  that  if  the  poisoning  is  sufficiently  severe  to 
diminish  the  consumption  of  O2  to  below  normal,  the  CO2  output  will  at 
most  be  at  the  normal,  or  may  fall  a  httle  below  it.  Frequently  it 
remains  below.  Hence  the  amount  of  GO2  formed  must  be  far  below 
the  usual  amount  for  the  resting  condition,  for,  in  calculating  the  amount 
formed  from  that  excreted,  a  large  deduction  must  be  made  corresponding 
in  amount  to  the  quantity  previously  stored  in  the  body  and  excreted 
during  the  intoxication,  owing  to  the  heightened  alkalinity  and  increased 
respiratory  movements.  When  it  is  remembered  that,  under  normal 
conditions,  the  CO2  output  is  much  increased  during  muscular  work, 
it  follows  that  the  decrease  in  formation  during  prussic  acid  poisoning 
must  be  considerable.  This  decrease,  too,  does  not  appear  to  vary  with 
the  decrease  in  the  amount  of  O2  used ;  when  this  did  not  sink  below 
normal  the  excretion  of  CO2  rose  above  it. 

Geppert  controlled  his  results  by  a  comparison  of  the  CO2  output  in 
normal  and  poisoned  animals  when  tetanized. 

OQi  ExOBBnOK  IN  TVTAJXIZLTIOS. 


Number  of 

Normal. 

Poisoned. 

«-,. 

7 
12 
14 

16 

366 

26 

201 

m 

09 

9 

169 

117 

74 

Severe  spasms ;  dog. 
Severe  spasms ;  rabbit. 
Slight  spasms ;  dog. 
Severe  spasms. 
Spasms ;  dog. 

Gandusion. — CO2  formation  and  O2  absorption  are  simultaneously 
and  equally  diminished.  The  diminution  in  CO,  formation  is  apparently 
due  to  the  fall  in  oxygen  absorption. 


(a)  The  Cause  of  the  Diminution  in  Oxidation  Processes. 

A  priori  two  possible  causes  may  be  considered  :  (1)  Either  the  blood 
is  so  changed  by  the  HCN  that  its  O2  cannot  be  utilized  by  the  tissues,  or 
cannot  be  completely  utilized ;  or  (2)  the  blood  is  not  changed,  but  the 
tissues  have  lost  the  power  of  using  the  O2  of  the  normal  haemoglobin. 

70—2 
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Oxyhaemoglobm  forms  witii  HON  a  very  stable  oomponnd,  but  this 
probably  does  not  take  place  within  undamaged  erythrocytes.  That 
this  compound  is  not  the  cause  of  the  bright  red  voious  blood  of  animalw 
poisoned  by  HON  is  shown  by  the  fact  that  the  toxic  dose  is  too  smaU 
to  produce  sufficient  CN  metluBmoglofain.  The  question  therefore 
arises  as  to  the  possibility  of  some  other  blood  change  which  could  be 
held  accountable.  It  must  be  something  which  renders  it  difficult  for 
the  blood  to  part  with  its  O^.  Against  such  a  change  occurring  stand  the 
facts  that  cold-blooded  animals  which  possess  no  haemoglobin  are  equally 
affected  by  the  poison,  and  that  if  the  blood  is  withdrawn  during  the 
paraljrtic  stage  it  becomes  dark  as  rapidly  as  that  of  an  unpoisoned 
animal.  Again,  Geppert  has  shown  that  the  red  colour  of  the  venous 
blood  is  actually  due  to  the  high  O^  content. 

PSBUMMTAOS  OW  O^ 


Nmnberof 
BxperimeiU. 

Arterial. 

Venous, 

Difference. 

Animal. 

30 
31 

12-2 
13-0 

10-9 
12-4 

1-3 
0-6 

Rabbit. 
Rabbit 

So  slight  a  difference  in  O,  content  between  arterial  and  venous  blood 
does  not  normally  occur,  and  the  proportion  of  Oj  is  high  enough  to  account 
for  the  bright  red  colour.  Moreover,  Oeppert  showed  that  by  inspiring 
an  atmosphere  poor  in  O^  the  bright  red  blood  of  poisoned  animals  in 
forty  seconds  becomes  dark,  and  that  the  0^  is  easily  withdrawn.  Lastly, 
he  proved  that  there  is  no  diminution  in  the  power  of  the  h«Bmoglobin 
to  unite  with  oyzgen. 

Thus  it  has  been  indubitably  shown  that  the  poisoning  produces  no 
change  in  the  oxygen  compound  in  the  blood. 

The  tissues,  therefore,  must  be  the  seat  of  the  toxic  process,  and  must 
have  lost  the  power  of  using  the  O^  brought  there.  '*  Pnissic  acid  poison- 
ing is  an  internal  asphyxia  of  the  organs  in  the  presence  of  an  excess  of 
oxygen  "  (Geppert). 

Prossic  acid  can  produce  similar  action  in  vitro—^.g.^  it  can  prevent 
formic  acid  from  parting  with  its  oxygen  to  hydriodic  acid.  The  character 
of  this  action  of  HCN  must  be  left  undecided.  As  illustrations  may  be 
mentioned  its  power  of  stopping  anaerobic  processes,  like  the  alcoholic 
fermentation  of  sugar  by  zymase ;  the  action  of  the  tissue  oxydases  is 
inhibited  (just  as  in  the  HsO^  catalysis  by  platinum)  with  a  dilution 
of  1  in  700,000,000  HON.  In  all  these  processes  a  "recovery"  is 
possible. 

The  most  interesting  result  of  the  investigations  is  the  veiy  well 
established  fact  that  the  spasms  occur  not  only  when  there  is  diminished 
consumption  of  O,,  but  diminished  formation  of  CX)^.  It  is  known  that 
a  muscle  can  go  on  working  for  a  long  time  with  a  decreased  O^  supply ; 
it  can  in  this  case  use  up  the  reserve  0^  and  form  00,.     Pfiuiger  (2)  has 
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actually  Bhown  that  in  an  atmosphere  free  from  Og  cold-blooded  animals 
will  form  and  excrete  an  undiminished  amount  of  CX)2  for  a  long  time. 
But  in  HON  poisoning  the  power  of  using  up  reserve  O2  is  conspicuously 
absent ;  at  any  rate,  during  the  convulsions  the  CO,  formation  is  not 
only  not  raised,  but  falls  considerably  below  the  normal  amount.  The 
muscle  can  contract  without  using  O2,  and  this  may  be  recognised  in  these 
cases  of  poisoning  exclusively.  "  The  power  to  combine  with  O2  appears 
to  be  a  property  of  muscle  which  is  both  activating  and  paralyzing  " 
(Geppert.)  The  heat  produced  might  well  arise  from  hydrolytio  processes, 
also  anaerobic,  without  the  formation  of  CO2  as  an  end-product. 


(6)  Other  Metdbclic  Changes. 

On  this  subject  there  are  at  present  no  experimental  data.  It  is 
certain,  however,  that  important  changes  take  place,  and  mainly  when 
the  process  is  not  gradual  (c/.  deprivation  of  oxygen) ;  the  nature  of  the 
processes  will  be  the  same  whether  the  O2  consumption  by  the  cells  is 
disturbed  through  their  inability  to  use  it  when  brought  to  them,  or  by 
its  not  being  brought  to  them  at  all,  with  this  distinction,  however — ^that 
in  HCN-poisoning  there  is  in  addition  an  inability  to  use  the  intracellular 
oxygen.  Thus  a  comparison  of  the  sjrmptoms  shows  a  close  analogy 
between  HCN-poisoning  and  total  deprivation  of  oxygen. 

Quite  recently  it  has  been  shown  that  in  dogs  poisoned  by  zinc  cyanide 
the  protein  metabolism  and  the  excretion  of  amino-acids  is  much  in- 
creased (3).  Lactic  acid  has  been  found  in  the  blood  and  urine  (4). 
Glycosuria  was  not  found  in  one  case  (4),  but  was  observed  in  another  (5) 
(ix)ta68ium  zinc  cyanide). 
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2.  Poisons  whieh  probably  Decrease  the  Oxidative  Activity  of  the  Cells. 

(a)  Phoephorua,  Oleum  Pulegii,  Halogen  Narcotics  of  the  FaUy  Series^ 
Arsenic,  Aniimony,  and  Iron. 

Gaseous  Metabolism. 

Phosphorus. — Gaseous   metaboUsm  during  phosphorus-poisoning   in 
warm-  and  cold-blooded  animals  has  been  repeatedly  investigated,  but 
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under  such  conditioius  that  from  the  reBults  alone  we  can  form  no  clear 
conception  of  the  general  mfluence  on  general  metabolism. 

This  holds  good  for  the  early  ezx>eriment8  of  T.  Bauer  (1),  so  often 
quoted.  The  CO,  output  was  estimated  by  Pettenkofer's  apparatus  on 
the  second  and  third  day  of  starvation  in  a  dog,  and  four  days  later  after 
the  subcutaneous  administration  of  very  large  amounts  of  phosphoros. 


Fir$tDay 

(Normal). 

Second  Daif 
{Normal), 

Third  J>ay 

(PoUtmed). 

Water 

OOg  in  0.0.  per  minate 
0|  in  0.0.  per  minute  . . 
Respiratory  quotient. . 

6-86 
13-60 
11*36 

1-20 

6-95 
9-51 
811 
1-10 

4-31 
5-04 
4-50 

,..o 

The  fall  was  not,  apparently,  so  great  after  three  days'  starvation  as 
after  the  phosphorus,  which  Bauer  therefore  referred  to  the  poisoning. 
With  this  we  agree,  but  do  not  consider  it  justifiable  to  draw  conclusions 
from  this  with  regard  to  the  specific  action  of  phosphorus,  because  at  the 
end  of  the  estimation  of  the  respiration — ^thirty-six  hours  after  the  first 
administration  of  phosphorus — ^the  dog  died.    These  figures,  therefore, 
must  be  considered  as  obtained  in  extremis,  and  due  to  the  cessation  of 
the  vital  processes.     Others  have  observed  no  alteration  in  the  gaseous 
interchange  in  mice  under  phosphorus-poisoning  (2),  but  results  in  such 
animals  must,  of  course,  be  received  with  much  reserve.    With  a  very 
primitive  method  Scheider  carried  out  three  experiments  (3),  the  most 
important  of  which  may  now  be  cited. 

CX)s  excretion  in  rabbit  weighing  797  grammes  during  two  hours  : 

Normal  diet 2-7090  grammes. 

After  one  day's  fast 2-2743 

After  two  days' fast 2-1094 

The  animal  was  fed  up  till  its  weight  was  842  grammes  : 

After  its  last  meal  it  excreted  2*6198  grammes. 

One  and  a  half  days  after  poisoning  with  IS  mgm.  phos- 
phorus per  OS  it  excreted  1*4838        „ 

— about  26  per  cent,  less  than  during  fasting  alone  on  the  second  day.  It 
is  impossible  that  the  reduction  in  CO,  values  obtained  on  the  diay  of 
experiment  should,  in  the  absence  of  direct  information,  be  referred  to 
loss  of  body-weight,  nor  is  it  likely  that  a  loss  of  weight  could  cause 
such  a  marked  fall  in  CO^.  This  experiment  seems  to  show  that 
phosphorus-poisoning  decreases  oxidation  processes  more  than  hunger 
alone. 

Recently  Welsch  (5)  has  investigated  the  subject  in  dogs  and  rabbits. 
In  his  seven  experiments  the  0^  intake  and  COg  output  decreased  about 
11  per  cent,  to  20  per  cent,  of  the  normal.  Calorimetric  experiments  by 
the  same  author  on  rabbits  (d'Arsonval's  apparatus  as  modified  by 
Fr6d6ricq)  showed  a  decrease  in  oxidation. 
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Exact  observations  have  been  made  on  winter  frogs  by  means  of 
Pfliiger's  modification  of  Begnault  and  Beiset's  apparatus  (4).  The 
experiments  lasted  for  from  eleven  to  twenty-four  hours.  The  gaseous 
metabolism  was  determined  before  and  during  poisoning  in  the  same 
groups  of  animals.  The  results  varied  widely.  In  four  experiments 
the  poisoned  animals  took  more  O2,  and  in  three  less ;  in  two  they  ex- 
creted more,  and  in  five  less,  CO2  than  the  unpoisoned  frogs.  The  respira- 
tory quotient  in  four  was  greater,  in  two  about  the  same,  and  one  less. 
The  conclusion  that  phosphorus  increases  the  total  exchange  cannot  be 
considered  proved  by  these  experiments  on  cold-blooded  animals. 


Fat  Metabolism. 

Many  more  attempts  have  been  made  to  obtain  an  insight  into  the 
primary  disturbances  by  estimating  the  quantitative  changes  in  the 
fat  and  carbohydrate  content  of  the  body  under  the  influence  of  the  poison. 
Unfortunately,  the  results  have  not  been  checked  by  the  use  of  control 
animals,  so  that  there  is  always  the  possibility  of  uncontrollable  error. 


ExperimefUs  mih  Warm-blooded  Animals. 

Two  guinea-pigs  from  the  same  litter  were  starved  for  five  days  ; 
one  was  then  poisoned  (per  rectum),  and  when  it  died  the  other  was  killed 
and  both  animals  analyzed  (6). 


CofUrol  Animal 

Phosvhorua- 
potMnea  Animal. 

FroBh  weight  (without  stomach  and  intee- 

tinee)         

Dry  weight 

Weight  of  ethereal  extract : 

(a)  Absolute         

(6)  Per  oent.  fresh  weight 

(c)  Per  cent,  dry  weight 

Om. 

21000 

66-80 

6-37 
303 
9-60 

Qm. 

23100 

68-86 

13-37 

6-80 

19-40 

In  the  phosphorus  animal  there  was  considerably  more  fat  than  in 
the  normal.  Unless  it  was  previously  present  this  excess  of  fat  must 
have  been  either  newly  formed  or  have  escaped  oxidation.  To  elucidate 
this  point  a  second  experiment  was  made  on  two  rats  ;  one  was  killed  after 
five  days*  starvation  to  determine  the  orginal  amount  of  fat,  and  phos- 
phorus was  given  to  the  other  one. 

If  we  assume  that  the  excretion  of  fat  was  the  same  in  both  animals, 
we  must  conclude  from  the  experiment  that,  contrary  to  the  first  experi- 
ment, during  the  poisoning  by  phosphorus  there  was  no  excess  of  fat 
formed,  or  that  it  was  masked  by  increased  consumption.  In  order  to 
reconcile  this  result  with  that  of  the  first  experiment,  we  must  conclude 
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that  there  is  no  abacdate  inorease  in  fat  tormatiaa,  but  that  in  ■«™iai« 
poisoned  by  phoephonis  there  is  a  diminished  oonsomption. 


CoiUnl  Animal. 

Pko9pkorna- 

Wei^tatdeath          

Drywwght 

Weight  of  etheraal  eztnot : 

(a)  Absolute         

(6)  Per  oent  frash  weight 

(e)  Per  cent,  dry  weight 

Om. 

171-70 

64-17 

6-66 

3-81 

12-00 

1 

Om. 

123-70 

^-10 

3-30 

2-66             1 

7-80            1 

1 

But  it  is  not  pofldble  to  reconcile  the  results  of  the  two  experiments, 
as  the  excretion  of  fat  was  probably  very  different.  Experiments  on 
four  pigeons,  of  which  two  were  from  one  brood,  showed  (7) : 


Vwpoimmed} 

Pin9(med. 

Pigeon  1. 

Pigeons. 

Pigeons.' 

i 
Pigeon  4. 

Weii^t  at  death     .. 
Weight  of  fat: 

(a)  Absolute     .. 

(6)  Per  oeat   .. 

Om. 
21400 

8-38 
3-90 

Gm. 
216-000 

3844 
1-800 

Qm. 
160-00 

3-38 
210 

Gm. 
217-000 

7-594 
3-600 

Unless  one  makes  the  quite  improbable  assumption  that  within  two 
hours  the  third  pigeon  lost  the  greater  part  of  its  fat,  we  see  by  a  com- 
parison of  this  with  the  control  bird  how  much  the  fat  excretion  varies. 
As  bird  No.  4  lost  about  the  same  amount  as  the  control,  it  cannot  be 
concluded  that  phosphorus  diminishes  the  fat  content  of  animals. 

On  the  strength  of  a  single  experiment  Bergeat  assumes  that  phos- 
phorus produces  a  new  formation  of  fat  (8). 

The  amount  of  fat  has  been  compared  in  poisoned  and  unpoisoned 
mice,  all  of  which  were  copiously  fed  with  bacon  (9).  The  unpoisoned 
showed  14-2  to  29-3  per  cent.,  and  the  poisoned  4-13  to  7-9  per  cent, 
of  fat  at  death.  From  these  figures  we  may  conclude  that  after  poisoning 
the  animals  freely  split  up  fats,  but  not  that  they  do  so  more  or  less  than 
starred  unpoisoned  animals,  or  that  a  new  formation  of  fat  has  partly 
concealed  the  loss. 


Experimenis  with  CoUMooded  Animals. 

In  Leo*8  experiments  on  eighteen  frogs  it  is  not  stated  whether  the 
animals  were  of  the  same  or  different  sexes — a  point  of  great  importiuiGe 
with  regard  to  the  amount  of  fat  present  (6). 

^  Starved  till  the  death  of  the  last  of  the  poisoned  pigeons. 
'  Death  two  hours  after  poisoning. 
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Six  Animals  of 
Equal  Size. 

Twelve  Animals  KiUed  at  the  Same  Time. 

Six  PolMmed  by 
Fhoephorufl. 

SUNormaL 

Freeh  weight 

Drvweisht   .. 

EtheieiJ  extract 

Lecithin 

Per  cent,  freeh  weight 

(ether  extract)     . . 
Per  cent,  dry  weight 

(ether  extract)     . . 

Om. 

262-000 

57065 

6-297 

1-860 

1-360 

6-020 

Gm. 

260-000^ 

60-666 

6-131 

1-960 

1-600 

6-710 

Gm. 

228-000^ 

53163 

6-148 

1-900 

1-420 

6-100 

It  is  not  possible  to  conclude  from  this  that  fat  is  newly  formed  in  animak 
poisoned  by  phosphorus,  as  in  frogs  the  amount  varies  enormously ; 
two  groups  are  often  entirely  different  from  one  another,  as  the  following 
table  shows : 


Number  of 
Experimeni. 

Dry  Substance. 

Fai. 

Freeh  Weight 

Dry  Weight. 

1 
2 
3 

4 

Percent 
19-33 
19-96 
20-57 
20-92 

PerOent 
1-47 
0-86 
0-77 
1-38 

Percent 
7-64 
4-27 
3-78 
6-68 

An  attempt  was  made  to  exclude  this  variable  fat  content  by  extirpating 
the  fat  bodies  and  the  generative  organs  (10) ;  but  the  fat  and  the  dry 
weight  varied  in  normal  animals  between  18-99  to  24-9,  and  the  fat 
percentage  of  dry  weight  between  3-8  and  6-5.  Further  possible  sources 
of  error  have  also  been  pointed  out  in  this  research  (11),  so  that  we  cannot 
conclude  from  it  that  there  is  any  new  formation  of  fat  in  phosphorus- 
poisoning.  From  numerous  experiments  on  frogs,  Athanasiu  came  to 
the  conclusion  that  the  absolute  amount  of  fat  in  the  body  was  not 
altered  by  the  influence  of  phosphorus  (4). 

Finally,  Taylor  (12)  experimented  on  Rana  paluatria  under  circum- 
stances that  amply  ensured  a  correct  basis  for  comparison.  Twenty- 
eight  animals  were  kept  in  a  warm  chamber  for  a  long  time  in 
order  to  ensure  as  far  as  possible  freedom  from  fat  and  glycogen. 
Fourteen  were  tckken  as  controls,  and  fourteen  animals,  weighing 
the  same  as  the  controls,  were  given  large  doses  of  phosphorus.  As 
soon  as  a  poisoned  animal  died,  the  corresponding  control  was  killed, 
and  those  surviving  twelve  days  after  poisoning  were  killed  at  the 
same  time. 

^  From  the  time  of  poisoning  till  the  moment  of  death  the  poisoned  animals  had  not 
lost  more,  but  exactly  tno  same  amount  as  the  controls. 
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Fo.^oo»i«j..    ';:2:;::/K3r" 

Original  weight 

Atdeath 

Dry  weight             

Om.                                           Om.                       , 
294-430                                294-35 
277-700                               30210» 
48-865                                  44-62 

PtooentAge  of  origiiml  weight 

18-160                                  15-15                  1 

f 

Om. 

Fftt 

3-904 

Lecithin 

0-030 

The  phosphorus  animals  had  lost  rather  more  : 

Om.  Om. 

Etheieal  eztnot  after  digestion  ..     4-634  3-508 

The  phosphorus  animals  had  lost  about  22  per  cesot.  more  : 

Om. 
\-l  per  cent.  2-968  ==84-6  per  cent. 

0-640 

From  these  results  we  may  conclude  that  there  is  marked  breaking 
down  of  fat  in  phosphorus-poisoning. 

From  these  numerous  experiments  no  certain  eondusums  as  to  the  general 
metabolism  of  fat  are  permissible  ;  a  new  fat  formation  may  be  excluded. 
That  metabolism  is  decreased — at  any  rate,  in  warm-blooded  animals — and 
fat-spliUing  processes  are  diminished  is  highly  probable. 


Carbohydiate  Metabolism. 

Salkowski's  observation  that,  especially  in  young  animals,  glycogen 
disappears  rapidly  from  the  liver  in  phosphorus-poisoning,  has  been  fre- 
quently confirmed  (5,  15,  16).  Of  itself  this  implies  no  specific  action 
on  the  part  of  the  phosphorus,  as  the  animals  took  hardly  any  food  after 
being  poisoned,  and  starved  animals  also  lose  their  glycogen  very  rapidly. 
Comparative  experiments  are,  therefore,  very  important  to  check  these 
results  (18,  19).  In  frogs  for  every  100  grammes  body-weight  there  was 
0-093  gramme  less  glycogen  in  the  phosphorus-poisoned  animals  than 
in  the  controls ;  the  smaller  the  figure  in  itself,  the  more  conclusive  it 
is  when  found  true  of  a  large  number  of  animals.  In  rabbits  a  smaller 
amount  of  glycogen  was  regularly  found  in  the  livers  of  the  poisoned 
animals  than  that  in  the  normal  animals  which  had  been  starved  equally 
long.  In  white  rats  a  similar  difference  was  always  found,  but  not  always 
so  great. 

Not  only  was  the  glycogen  in  the  liver  estimated,  but  also  that  in  the 
rest  of  the  body,  which  was  important  with  a  view  to  ascertaining  whether 
there  was  an  actual  consumption  of  the  liver  glycogen,  or  whether,  as 
seemed  more  probable,  it  was  only  removed  to  another  place.  Finally, 
also,  the  entire  carbohydrate  content  of  the  animal  was  determined. 
The  constajit  result  was  that  the  greatest  decrease  in  the  glycogen 

^  Inorease  dae  to  oddema.    Phoephorus  is  a  **  capillary  "  poison  [Magnus  (13)]. 
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content  of  the  phosphorus  animals  was  found  in  the  liver,  but  that  the 
amount  in  the  rest  of  the  body,  as  well  as  the  total  carbohydrates,  were 
also  decreased  throughout. 

It  has  already  been  established  that  muscle  glycogen  is  more  resistant 
to  phosphorus-poisoning  than  that  in  the  liver.  Generally,  therefore,  we 
may  conclude  from  these  experiments  that  in  phosphorus-poisoning  there 
is  an  increase  in  carbohydrate  metabolism. 

Still,  it  is  possible  that,  besides  this  increased  consumption,  the  poison- 
ing causes  a  decreased  production  of  carbohydrate,  such  as  normaUy 
takes  place  during  starvation  (20  to  24).  This  assumption  has  been  made 
on  the  strength  of  the  observation  that  the  fatty  phosphorus  liver  was 
not  favourably  affected  by  carbohydrates  (25).  Experiments,  however, 
have  shown  that  in  rabbits  which  have  been  starved  for  some  time 
after  the  administration  of  phosphorus  for  three  days — ^in  winter,  at  any 
rate-— considerable  amounts  of  glycogen  can  be  detected  in  the  liver  as 
long  as  there  is  a  good  intake  of  grape-sugar  (17).  Hence  it  is  probable 
that  the  animals  have  not  entirely  lost  the  power  of  forming  glycogen. 

How  is  it,  then,  in  presence  of  the  rapid  destruction  of  glycogen  so 
insisted  on  by  some  authors,  that  sugar  seldom  or  never  passes  into 
the  urine  ?  The  following  are  the  facts.  In  the  first  place,  all 
observers  are  agreed  that  glycosuria  is  a  relatively  infrequent  event 
in  phosphorus-poisoning  (26  to  32).  In  141  cases  of  phosphorus- 
poisoning  in  the  Prague  Medical  Clinic  glycosuria  occurred  in  six  cases, 
and  in  only  four  of  these  during  the  firat  week.  From  this  no  facts 
could  be  established  as  to  the  most  usual  determining  condition — 6.gr., . 
severity,  etc.  In  animal  experinients  glycosuria  never  occurred.  In 
other  cases  of  poisoning  in  which  there  was  a  rapid  destruction  of  glycogen 
[curare,  strychnine,  caffeine,  deprivation  of  oxygen  (33)]  glycosuria  was 
very  frequent  in  fed  animals ;  it  is  determined  by  a  previous  hyper- 
glycsBmia,  caused  by  direct  destruction  owing  to  chemical  or  nervous 
interference  with  the  liver.  As,  then,  this  is  so  infrequent  in  phosphorus- 
poisoning,  there  must  be  some  other  cause  for  the  destruction  of  glycogen. 
Some  light  may  be  shed  on  the  question  by  investigating  the  sugar  in 
the  blood.  The  only  figures  available  are  those  of  Kaufholz.  In  normal 
animals  he  found  0-04  to  0-121  per  cent,  glucose  in  the  blood  ;  in  poisoned 
animals,  0-147,  0*244,  0-249  per  cent.  In  one  case  no  glucose  was  present, 
and  in  another  there  was  0-68  per  cent. ;  the  last  two  figures  are  so  un- 
usual %nd  improbable  that  perhaps  these  results  are  not  quite  trust- 
worthy. Neubauer  (17),  after  preliminary  experiments  in  order  to  test 
the  methods,  adopted  those  of  Pflttger  and  AUihn.  In  two  poisoned 
animals,  which  had  received  grape-sugar  before  and  after  the  dose  of 
phosphorus,  the  amount  in  the  blood  was  from  0-11  to  0-13  per  cent. ; 
these  quantities  are  not  sufficient  to  cause  an  excretion  in  the  urine. 

In  three  of  Kaufholz's  experiments  the  figures  were  within  the  Umits 
of  the  normal  sugar  content  of  the  blood. 

The  absence  of  glycosuria  is  not  remarkable  in  view  of  these  results. 
Though  the  glycogen  is  rapidly  destroyed,  it  is  only  occasionally  that 
the  rapidity  is  enough  to  overload  the  blood  with  sugar.  We  must, 
therefore,  seek  for  other  causes  for  the  glycogen  destruction  than  those 
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obtaining  in  other  kinds  of  poisoning  or  in  the  diabetic  puncture.  Possibly 
sugar  is  produced  in  such  quantities  as  can  be  immediately  used  up,  in 
which  case  we  must  assume  that  the  cause  of  the  disappearance  of  the 
glycogen  is  an  increased  demand  for  sugar.  Then  cases  in  which  ^yco- 
suria  occurs  would  be  explaiDed  as  due  to  overaction  by  the  Uver  in 
destroying  glycogen.  Analogous  processes  occur ;  in  fevers  May  (36) 
has  clearly  demonstrated  this  by  experiment.  It  is  not  certain  in  either 
case  whether  the  primary  cause  is  a  relative  disturbance  in  the  fat  con- 
sumption. Investigations  by  Baldi  (37)  and  Graham  Lusk  (38)  gave  no 
decisive  results  upon  this  point.  There  is,  however,  a  second  possibility 
— ^namely,  that  immediately  after  poisoning  the  glycogen  or  the  sogar 
derived  from  it  is  partly,  or  completely,  converted  into  lactic  acid.  This 
has  been  shown  to  be  a  very  probable  occurrence  in  arsenical  poisoning 
(128).  When  the  liver  is  freed  from  glycogen  and  then  transfused  with 
blood  poor  in  sugar  little  or  no  lactic  acid  is  produced,  whereas  if  the 
liver  is  rich  in  glycogen  large  quantities  of  lactic  acid  are  obtained  (146). 
Lactic  acid  may  also  be  obtained  from  the  blood  and  urine  after  in- 
jections of  phlorizin,  and  occasionally  after  injections  of  sugar  (129). 

This  appears  to  be  a  reversible  action,  as  under  certain  circum- 
stances lactic  acid  becomes  sugar  (34). 

In  cases  of  poisoning  the  power  of  assimilating  sugar  often  appears 
to  be  somewhat  decreased;  at  any  rate,  Lamb  met  with  alimentary 
glycosuria  in  50  per  cent,  and  Widko  in  68  per  cent,  of  their  cases. 
Frerichs  and  Miinzer  (39)  did  not  find  this  condition,  and  Welsch,  in  his 
phosphorus-poisoned  rabbits,  injected  considerable  amounts  of  glucose 
subcutaneously  (2  grammes  per  kilogramme)  without  causing  glycosuria. 


Loeal  Alterations  In  the  Fat  Content  of  the  Body. 

Quantitative  Changes  in  the  Content  of  the  Ethereal  Extract  of 

the  Organs. 

Although  the  metabolism  of  fat  is,  as  we  have  seen,  apparently 
decreased,  it  has  been  clearly  shown  that  the  fat  content  of  certain  organs 
is  regularly  increased  at  the  expense  of  that  of  others  during  poisoning  by 
phosphorus.  This  increase  is  absolute,  and  has  been  shown  by  comparing 
the  ethereal  extracts  in  normal  and  poisoned  men  and  animals.  The 
greatest  increase  takes  place  in  the  liver,  the  next  in  the  heart ;  that 
in  the  kidneys  is  exceedingly  doubtful.  A  chemical  and  not  merely  a 
microscopical  examination  is  necessary,  for  we  know  that  an  organ  may 
appear  extensively  infiltrated  with  fat  microscopically  without  the  least 
real  increase  in  its  fat  content.  ^  It  is  not  understood  how  it  is  that  Uie 
fat  becomes  so  visible  in  these  cases.  The  suggestion  has  been  made 
that  in  infectious  and  other  conditions  cloudy  swelling  and  processes 
leading  to  cell  degeneration  occur,  and  that  thus  a  special  reconstitution 
of  the  protoplasm  takes  place  whereby  fat  or  fatty  bodies  become  ap- 
parent. This  may  be  due  to  an  acidosis,  as  acidification  is  the  usual 
histological  method  of  making  fat  visible.  Researches  on  the  human 
subject  are  dealt  with  in  (40)  and  (41),  on  animals  in  (42)  and  (43). 
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The  following  table  makes  it  possible  to  compare  the  fat  content  in 
the  livers  of  normal  men  and  those  poisoned  with  phosphorus  : 


Condition. 

Ethereal  Bxtraet  in 
Fresh  Liver, 

Amount  of  Water  in 
Fresh  Liver. 

Author. 

Normal 
PhoBphoms 

Percent 
r    3-46 
3-28 
300 
2-80 
.    3-60 
32-20(1) 
29-80  (2) 
23-30  (6) 
26-40  (4) 
26-70  (3) 
22-90  (6) 
19-60  (7) 
37-60 
1 87-70 

Percent 
79-6       \ 
68-4      / 
761 

—  \ 

—  J 
66-6(1) 
60-0  (2)\ 
61-0  (3)/ 
62-2  (4) 
64-4  (6) 
66-4  (6)\ 
67-9  (7)/ 

—  / 

Heffter. 

Von  StaroK 

Kraus  and  Sommer. 

R.  von  H5fl8lin  (64). 

Von  Starck. 

Heffter. 
Von  Starok. 

Heffter. 

KraiiB  and  Sommer. 

The  figures  in  brackets  show  the  fall  in  the  fat  content  serially,  and  the 
corresponding  rise  in  the  amount  of  water.  The  general  correspondence 
between  the  two  shows  that  the  fat  is  not  a  mere  addition  to  the  liver, 
but  takes  the  place  of  water  (63). 

An  increase  in  the  fat  content  of  the  heart  in  man  and  animals  has 
been  shown  by  Krehl  and  others  (45,  46).  In  the  muscles  in  two  cases 
of  phosphorus-poisoning  15-1  to  19-5  per  cent,  fat  calculated  for  the 
dry  substance  was  found — a  considerable  increase  above  the  normal. 

As  regards  the  kidney  the  results  are  not  uniform :  in  a  large  series 
of  ezjieriments  there  was  no  increase,  but  in  a  single  case  in  a  man  a 
large  increase  was  noted.  In  the  ezjierimental  animals,  prior  to  the 
administration  of  phosphorus,  one  kidney  was  removed  for  comparison 
[Rubow  and  Bosenfeld]. 


Condition. 

Dry  Substance  in  Bight 

Dry  Substance  in  Uft 
Kidney  (Poisoned). 

Btherad 
Bztrect 

Ledthln. 

Btheieel 

BxtTMt 

Percent 
13-60 
14-90 
21-28 
14-90 
8-60 
13-10 
16-80 

Ledthln. 

Dog:  normal 
Dog:  starved 

Percent 
f  13-80 
1  15-20 
1  19*46 

luoo 

8-60 
/  13-60 
\  16-60 

Percent 

(8-6) 

(7^) 
(8-5) 

Percent 

(8-6) 
(8-8) 
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QuantikUive  Compoaition  of  the  Ethereal  Extract. 

The  figures  quoted  hitherto  have  referred  to  the  total  fat  of  the 
ethereal  extracts.  But,  in  order  to  determine  whether  the  increase  is 
due  to  fat  or  fatty  bodies,  such  as  lecithin,  protagon,  etc.,  qualitative 
analyses  must  be  made.  This  is  all  the  more  important  in  that  HefiFter, 
as  the  result  of  numerous  careful  analyses,  foond  that  75  per  cent,  at 
least,  and  occasionally  99  per  cent.,  of  the  ethereal  extract  of  normal 
rabbits'  livers  consisted  of  lecithin.  Li  Lee  and  Taylor's  work  the  non- 
fatty  substances  were  calculated  ;  in  that  of  Krehl,  Athanasiu,  C^bone 
and  Heffter  the  lecithin  was  determined  directly. 

Leo  found  no  change  in  the  non-fatty  matter  of  the  ethereal  extract 
of  the  whole  animal,  although  the  total  amount  of  the  extract  was  de- 
creased. He£fter  states  that  the  figures  are  unreliable  because  the 
extract  was  heated  to  100^  C.  (which  would  decompose  the  lecithin). 
Athanasiu  obtained  like  results  in  frogs  by  a  more  delicate  method. 
His  figures  showed  17*7  per  cent,  of  total  fat  as  lecithin  in  poisoned  frogs 
and  18*0  per  cent,  in  the  normal.  The  total  fat  was  also  unaltered. 
Taylor  showed  a  sUght  decrease  in  the  non-fatty  portion  of  the  extract 
of  the  whole  animal. 


Normal. 

Phosphoru8. 

Fat  in  ethereal  extract 

Residue  in  ethereal  extract 
Residue,  absolute  amount 

PerOont. 

86-10 

13-90 

0-63 

Percent. 

84-60 

15-40 

0-64 

In  warm-blooded  animals  (dogs)  Garbone  obtained  the  following  figures 
(a  piece  of  liver  was  removed  for  comparison  before  the  poisoning) : 


Before. 

After.           j 

Total  ethereal  extract  m  fresh  liver 
Total  lecithin  extract  in  fresh  Uver 

Percent 
1-85 
2-29 

t 
Percent. 

2-76 

1-49 

The  animal  was  given  large  doses  of  phosphorus.  In  other  cases  with 
small  doses  the  lecithin  was  increased.  HefiFter  obtained  similar  results  : 
as  against  2*2  to  3*07  per  cent,  lecithin  in  healthy  rabbits,  in  poisoned 
animals  it  fell  to  1*1  per  cent.,  or  in  absolute  amounts  from  1*8  to 
0*88  gramme.  In  men  the  findings  are  the  same  :  normally  the  lecithin 
is  2*1  per  cent. ;  after  phosphorus-poisoning  it  was  1-56  per  cent.  On 
the  other  hand,  Lusena  found  1*6  per  cent,  in  the  healthy  liver,  and 
1*9  per  cent,  in  the  liver,  2*0  per  cent,  and  1-85  per  cent,  in  the  kidney, 
and  1-58  per  cent,  and  1-77  i>er  cent,  in  the  heart,  of  the  poisoned 
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ftniT»ft^ft  (47).    Bonanni  did  not  find  any  marked  change  in  very  aoute 
poisoning  (48). 

With  regard  to  the  composition  of  the  ethereal  extract  of  the  heart, 
in  the  case  of  a  man  Krehl  found  no  more  than  the  normal  amount  of 
lecithin  (the  absolute  figure  is  sufficiently  constant  normally  to  allow  of 
a  comparison),  though  the  ethereal  extract  was  larger  than  normal. 
Thus  simple  fat  alone  had  increased.    Bubow  found — 

HsABT  (PmsxmsTAam  of  Dry  Stjbstanob). 


Eihereal  EtOract, 

LtxHhin, 

FaJt. 

Normal  dog 
Starved  dog 
Poisoned  dog 

12-60 
11-18 
11-20 

8-81 

7-5 

7-9-8-9 

4-30 
3-69 
3-11 

The  lecithin  in  the  kidneys  remained  unaltered. 

Oeneral  Conduaiona. — ^The  liver  and  the  heart,  but  not  the  kidneys, 
become  richer  in  fat.  The  lecithin  in  the  liver  is  absolutely  and  relatively 
decreased,  but  that  in  the  heart  is  increased  according  to  the  total  increase 
in  fat ;  in  the  kidneys  there  is  no  change. 


The  Cause  of  the  Increased  F^t  In  Uver  and  Heart. 

A  greater  part  of  the  interest  which  has  been  taken  in  the  phenomena 
of  phosphorus-poisoning  is  due  to  the  endeavour  to  obtain  some  informa- 
tion as  to  the  origin  of  fat,  and  especially  as  to  the  possibility  of  its 
arising  from  protein.  As  we  are  not  here  concerned  with  the  historical 
aspect  of  modem  problems,  we  must  be  content  with  a  short  r^sum^ 
of  this  interesting  controversy.  The  fat  which  we  find  in  increased 
amounts  in  certain  organs  aiter  poisoning  by  phosphorus  does  not 
arise  on  the  spot,  but  is  transferred  from  other  parts  of  the  body.  The 
following  experimental  results  support  this  view  :^ 

1.  Determinations  of  the  ratio  between  the  total  body-fat  and  that  in 
the  organs  (49  to  51). 

2.  Feeding  exjieriments  with  fats  not  found  in  the  body  (60). 

3.  Researches  on  the  chemical  constitution  of  the  fat  in  the  fatty 
organs  (60). 

4.  Determination  of  the  amount  of  fat  in  lymph  and  blood  (62,  63). 
Leisering  was  the  first  to  note  the  importance  of  the  diet  in  the 

production  of  fatty  liver.  He  examined  the  bodies  of  four  fowls  which 
had  died  of  phosphorus-poisoning,  and  found  two  had  typical  fatty 
livers  and  two  had  not.  "  Two  fowls,"  he  wrote,  "  were  free  from  fat 
apparently  owing  to  the  breeding  season.    They  also  had  no  jaundice. 

^  Henoe,  in  the  normal  heart,  as  in  the  liver,  the  greater  part  of  the  fat  is  in  the  form 
of  lecithin  (here  about  70  per  cent.).  Rubow  states  that  in  mnsole  it  is  otherwise,  only 
about  36  per  cent,  of  the  ethereal  extract  being  composed  of  lecithin.  In  this  oase^ 
apparently,  the  decrease  in  the  amount  of  ethereal  extract  in  starvation  consists  of  fat. 


and 


'  Roeenfeld  has  made  the  most  exhaustive  experiments  with  regard  to  this  point* 
I  given  a  very  complete  account  of  the  question  m  the  **  Ergebniss  der  Physiologie.*' 
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The  flections  show  conclusively  that  phosphoras-poisoning  does  not, 
under  all  circumstances,  directly  affect  the  liver.  But  it  was  not  dear 
why  the  thin  fowls  did  not  show  fatty  Uvers  like  the  plump  ones.  If 
we  consider  that  the  fatty  Uver  in  fowls  is  really  due  to  the  action  of 
phosphorus,  we  can  only  properly  assign  to  it  a  preparatory  action  on 
the  liver,  and  suppose  that  it  has  the  power  of  determining  a  large  and 
abnormal  influx  of  fat  in  the  liver,  thus  laying  it  open  to  absorption  and 
infiltration.  Further  cases  and  experiments  will,  of  course,  tell  us 
whether  the  production  of  a  fatty  liver  always  depends  on  adequate 
nourishment,  or  whether  phosphorus  can  produce  it  without  this." 

Lebedeff  first  propounded  the  "  transference "  hypothesis,  which 
accounted  for  the  fact  that  a  very  emaciated  patient  in  Kussmanl's 
clinic  did  not  exhibit  a  fatty  Uver.  Von  Starck  described  an  "  atrophic 
form "  of  phosphorus-poisoning.  Finally,  Bosenfeld  carried  out  the 
following  well-conceived  experiments  to  determine  the  point,  and  was 
able  to  show  that  no  "  fatty  Uver  "  occurred  in  lean  animals. 


Fat  in  Liver, 

BodyFal 
(AhsoUiU). 

Fai  in  Liver 
{BodfFafj. 

1 

Dry  Substance. 

AbMlute. 

Starved  fowls :  normal 

Starred  fowls :  i^osphoms- 
poisoning 

- 

Per  Cent. 

r  1010 

9-43 

5-59 

6-80 

1200 

^  1010 

Percent. 

0-461 
0-167 
0196 
0-346 
0-654 

Percent. 

7-370 
3-397 
4-494 
3-520 
4-620 

Percent 

6K) 
4-7 
4-4 
9-8 
14*0 

Bosenfeld's  results  were  confiirmed  by  Fibiger.  In  the  absence  of 
body-fat  no  fatty  Uver  occurs ;  the  fat  does  not  arise  in  the  Uver,  but  is 
carried  there  from  other  parts — ^reaUy  from  the  adipose  tissue  between 
the  viscera.  LebedefF  had  come  to  the  same  conclusion  from  an  analysis 
of  the  Uver  fat  and  that  from  the  subcutaneous  tissues.^  Other  observers 
reUed  on  the  fact  that  the  fat  increased  in  the  Uver  without  an  alteration 
in  the  total  fat  of  the  body,  whilst  LebedefiPs  observation  lent  support 
to  this  view — that  after  feeding  an  animal  with  a  foreign  fat  sdter 
phosphorus-poisoning,  the  same  was  found  in  the  Uver.  This  was  con- 
firmed by  Bosenfeld.  Leick  and  Winckler  showed  that  the  same  theory 
appUed  to  the  heart.  Woltke's  experiments  with  estimates  of  the  amount 
of  saponification  did  not  give  such  clear  results,  as  the  figures  varied  very 
much.  Other  experiments  deal  with  feeding  by  means  of  iodine  and 
Sudan  fat  (55  to  57).  The  first  could  be  found  invariably  in  the  Uver, 
but  the  results  with  the  second  were  not  constant  (c/.  also  58). 

The  last  link  in  the  chain  is  furnished  by  the  fact  that  in  phosphorus- 
poisoning  there  is  a  marked  rise  in  the  amount  of  fat  in  the  blood.  More- 
over, in  the  Uver,  fat  is  found  in  the  largest  amounts  where  there  is  most 
blood  (59).    A  progressive  increase  in  the  amount  of  the  ethereal  extract 

^  KrauB  and  Sommer  found  invariably  a  different  amount  of  iodine  in  the  two  fats. 
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has  been  found  in  the  lymph  and  in  the  blood  ;  in  the  latter  it  does  not 
ocour  after  ligature  of  the  thoracic  duct  (48). 

The  next  questions  which  arise  are  as  to  the  form  in  which  the  trans- 
ference of  fat  takes  place,  how  it  is  effected,  and  for  what  reason. 

With  regard  to  the  first  question,  the  analytical  results  as  to  the 
heart  and  hver  already  quoted  show  that  a  somewhat  complicated 
state  of  things  exists,  as  in  the  Uver  there  is  an  increase  of  fat  and  a 
decrease  of  lecithin,  and  in  the  heart  an  increase  of  both.  It  had  been 
shown  that  the  fat  in  the  Uver  partly  arises  locally  from  lecithin  (60), 
but  subsequent  investigations  (130)  disclosed  objections  to  the  methods 
employed;  the  results  are,  in  general,  contrary  to  all  the  arguments 
previously  adduced  in  favour  of  transference  of  fat,  and  an  absolute 
increase  in  the  total  ethereal  extract  cannot  be  accounted  for  by  a  decrease 
in  lecithin.  Nothing  certain  is  known  as  to  the  form  in  which  the  fat 
travels  in  the  blood ;  it  is  partly,  perhaps,  as  lecithin ;  at  any  rate,  an 
ethereal  extract  of  the  blood  of  Rhine  salmon  was  found  rich  in  lecithin 
(61),  ''  which  was  then  decomposed  with  the  formation  of  free  fatty  acids 
and  soaps  and  disappeared  "  [Miescher].  There  are  no  experiments  ad 
hoc.  Apparently,  however,  a  part  of  the  fat  circulates  as  such.  In  nine 
poisoned  frogs,  contrary  to  normal,  Taylor  could  extract  no  more  fat 
by  the  digestion  method  than  without  it  (62),  so  that  he  concluded 
than  an  exceptional  process  of  decomposition  was  going  on  ;  this  important 
result  ought  to  be  confirmed  by  experiments  on  warm-blooded  animals. 

The  transference  of  fat  is  not  a  specific  result  of  phosphorus-poisoning ; 
it  occurs  after  many  other  poisons  and  during  starvation.  In  these  cases, 
too,  there  is  just  the  same  excess  of  fat  in  certain  organs — such  as  liver 
and  heart — and  there  is  no  doubt  that  the  process  is  a  physiological  one, 
and  that  the  fat  depots  of  the  body  are  depleted  in  this  way  to  meet 
the  demand  for  fat  in  other  parts  of  the  body.  The  difference  between 
the  physiological  and  pathological  process  is  that  the  latter  does  not 
cease  when  the  demand  of  the  organ  for  fat  is  satisfied ;  hence  the  accu- 
mulation of  fat  in  liver  and  heart  under  pathological  conditions.^  This 
may  be  completely  or  partiy  referred  to  the  failure  of  the  regulating 
mechanism,  indirectly,  at  least,  set  in  action  by  the  demands  of  the  organs. 
The  nature  of  the  mechanism  can  only  be  guessed  ;  there  seem  to  be  Jtwo 
possibilities :  either  the  regulation  is  chemical  and  passes  along  the 
blood-stream,  or  is  nervous.  Meischer,  in  his  remarkable  researches  on 
salmon,  has  shown  that  it  is  highly  probable  that  the  growth  of  the  organs 
of  generation,  plus  that  of  the  spleen,  causes  them  to  attract  a  larger 
blood-supply,  and  produces  secondarily  an  ansemia  of  those  parts  which 
require  less  blood.  The  relative  decrease  of  oxygen  in  these  parts  then 
occasions  a  tissue  change  in  which  the  fats  take  a  large  share.  He  then 
discusses  the  question  as  to  whether  in  phosphorus-poisoning  the  fat 
transference  is  not  due  to  a  relative  deficiency  in  oxygen  in  the  places 
where  fat  is  stored,  possibly  conditioned  by  some  vasomotor  changes. 
This  hypothesis  is  strengthened  by  the  fact  that  the  fatty  tissues  are 
comparatively  poor  in  bloodvessels,  and  so  would  be  damaged  by  a 

^  Henheimer  and  Wftlker  Hall  [Mti,  Cknm.,  1904)  propose  the  terms  "  fatty  inflltra- 
tion  "  and  "  degeoeratiTe  fatty  infiltration  "  for  these  two  prooesses. 
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relatively  slight  decrease  in  oxygen.  Whether  this  is  dne  to  an  auto- 
digestion  of  the  thin  membrane  of  the  fat  cell  is  not  known.  Elven  if 
Meischer's  explanation  of  the  physiological  process  is  correct,  we  have 
no  grounds  for  assuming  a  decreased  circulation  in  the  adipose  tissue 
during  phosphorus-poisoning.  But  there  is  another  chemical  theory 
which  may  account  for  the  regulating  mechanism.  The  composition  of 
the  blood  may  be  changed  [Lebedeff].  Some  regulation  for  the  liberation 
of  fat  might  exist  similar  to  the  regulation  for  the  conversion  of  glycogen 
by  means  of  the  sugar  content  of  the  blood.  Possibly  the  sugar  content 
itself  may  do  it,  as  it  has  been  clearly  shown  that  many  cases  of  abnormal 
accumulation  of  fat  in  the  liver  can  be  referred  to  a  simultaneous  increase 
in  the  carbohydrate  supply.  This,  however,  cannot  apply  to  phosphorus- 
poisoning,  as  here  the  liver  has  lost  the  power  of  storing  glycogen.  As, 
then,  this  is  not  universally  the  case,  no  clear  idea  can  be  formed  of  the 
possible  significance  of  the  sugar  content  of  the  blood.  Against  any 
causal  connection  stands  the  fact  that  dogs  in  which  the  pancreas  had  been 
removed  show  a  fatty  liver,  and  at  the  same  time  a  high  sugar  content 
in  the  blood.  We  must,  however,  remember  that  very  probably  sugar 
travels  in  the  blood  in  a  state  of  combination,  and  that  when  the  power 
of  combination  is  exceeded,  free  sugar  appears  in  the  circulation  and  is 
excreted.  Now  normally,  also,  a  large  portion  of  the  fat  in  the  blood  is 
in  combination.  After  a  preliminary  coagulation  of  the  blood,  a  con- 
siderably larger  ethereal  extract  was  obtained  than  from  uncoagulated 
blood.  Whether  there  is  any  connection  between  sugar  and  fat  com- 
bination is  not  known.  Taylor  found  that  in  frogs  poisoned  by  phos- 
phorus all  the  body-fat  was  in  a  free  state ;  this  is  contrary  to  the  normal 
conditions,  in  which  a  greater  part  can  only  be  extracted  after  dig^tion. 
We  may  speculate  as  to  whether  acidosis  plays  any  part  in  the  matter  ; 
in  phosphorus-poisoning,  as  in  other  intoxications,  and  in  diabetic  ooma,^ 
there  is  always  considerable  decrease  of  alkalinity  in  the  blood 

As  to  a  nervous  regulatory  mechanism,  we  may  imagine  that  when 
a  call  occurs  the  hungry  cells  inform  the  depots  via  the  nervous  system, 
and  that  first  glycogen,  and  then,  when  this  is  used  up,  fat  is  sent.  Dis- 
turbances might  arise  owing  to  disturbances  in  the  cell  consumption, 
either  due  to  special  cell  changes  or  due  to  the  supply  of  fat  in  an  un- 
assimilable  form.  Perhaps  the  free  absorption  of  chyle  in  phosphorus- 
poisoned  animals  may  be  connected  with  this  (133).  Li  both  cases  the 
cells  remain  hungry,  the  fat  depots  stimulated ;  thus  occurs  a  prolonged 
emission  of  fat  from  the  depots,  and  the  d^K>sit  of  the  useless  material 
in  the  localities  where  it  should  normally  be  utilized. 

Protein  Metabolism. 

The  nitrogenous  excretion  in  man  has  been  frequently  investigated 
(70  to  80).  Excluding  those  experiments  in  which  the  total  amount  of 
urine  in  the  twenty-four  hours  was  not  measured,  €knd  tiiose  which  were 
performed  on  persons  in  extremis  (in  which  the  final  fall  in  nitrogen 

^  In  this  condition  free  £»t  is  often  found  in  the  blood  (lipmnia),  though  there  is  no 
absolute  rise  in  the  total  amount  [Sohwarts  (08)}. 
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excretion  is  without  special  interest),  certain  researches  against  which 
no  objection  can  be  raised  remain,  the  most  complete  being  those  of 
Badt.  It  is  established  by  all  these  researches  that  the  nitrogen  ex- 
cretion is  considerably  raised,  and  that  the  increase  often  begins  on  the 
second  day,  apparently  as  soon  as  all  the  glycogen  has  been  used  up 
for  fuel  (81  to  88).  Falk  only,  who  poisoned  his  dogs  with  enormous 
doses,  so  that  they  died  within  twenty-four  hours,  found  the  nitrogen 
excretion  materially  diminished  (84).  The  same  results  are  obtained 
in  fed  and  fasting  animals ;  sometimes,  during  the  first  day,  there  is  a 
fall,  or  only  a  very  slight  rise,  in  the  nitrogen  excretion. 

Qerc  and  Cook  (151)  found  that  the  addition  of  inorganic  phosphorus 
to  phosphorus-free  diet  resulted  in  a  negative  phosphorus  and  nitrogen 
balance.  Organic  phosphorus  increased  both  phosphorus  and  nitrogen 
retention  when  the  food  was  poor  in  phosphorus,  but  no  effect  was  obtained 
with  a  diet  rich  in  phosphorus.  Even  after  the  addition  of  large  amounts, 
no  organic  phosphorus  was  found  in  the  urine. 

Summary  of  the  Experimental  Results  as  to  the  Shares  of  F^t,  Carbo- 
hydrate, and  Protein  In  the  Total  Metabolism. 

The  total  metabolism  is  decreased.  That  of  protein  is  certainly 
increased,  that  of  carbohydrate  probably  so ;  hence  a  corresponding 
marked  fall  in  fat  metaboUsm  may  be  deduced,  and  has  been  shown  to 
occur  by  numerous  direct  experiments. 


Alkalinity  of  the  Blood. 

Many  complete  analyses  show  that  the  COg  content  of  rabbits'  arterial 
blood  is  below  normal  during  phosphorus-poisoning  (66  to  68).  Meyer 
has  also  found  a  very  low  proportion  of  OO2  in  a  case  in  man.  Titrimetric 
estimations  also  show  diminished  alkalinity  (69).  The  cause  lies  in  the 
entry  of  acids  into  the  blood  (vide  infra) — such  as  lactic  acid,  €knd  phos- 
phoric and  sulphuric  acids — ^from  the  increased  protein  decomposition. 


The  Several  Nitrogen  Constituents  of  the  Urine. 

Earlier  investigators,  using  what  is  now  recognised  as  an  inadequate 
method,  found  very  Uttle  urea  in  the  urine  compared  to  the  total  nitrogen 
excreted.    Newer  exjieriments  show  the  following  results  : 

Baot's  Tablb. 


Case. 

Fifteen  Qnmmes  of  Nitrogen  exereied  per  Diem  for  Two  DayB, 

Total 
mtrogen. 

Nitrogen.             NH.  Nitrogan. 

Raildual  Nitrogen. 

I 
2 

100 
100 

69-9 
41-7 

314 
0-01 

7-77 
26-80 

1919 
32-49 

71—2 
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MthfZEB's  Tablb. 


Fifteen  Orammes  o 

/  Nitrogen  excreted  per  Diem  for  Two  DtsifB, 

Case, 

Total 
Nitrogen. 

Urea 
Nitrogen. 

UrioAold 
Nitrogen. 

NH|  Nitrogen. 

Reeldual  Kitn«an. 

I 

100 

73-6 

_ 

2 

100 

— 

M2 

16-60 

16-60           ( 

3 

100 

— 

1-76 

12-31 

— 

4 

100 

82-6 

1-98 

7-90 

— 

6 

100 

76-8 

2-00 

13-10 

— 

6 

100 

83-0 

— 

8-90 

— 

7 

100 

821 



7-90 

— 

8 

100 

— 

— 

17-70 

— 

9 

100 

— 

— 

13-30 

— 

10 

100 

— 

— 

18-30 

— 

11 

100 

— 

— 

16-60 

— 

12 

100 

— 

— 

11-00 

— 

13 

100 

6-20 
(NftHOO,p«ra») 

In  Laub's  observations  the  urea  nitrogen  varied  between  72  €knd  90  per 
cent,  of  the  total.  We  may  compare  with  these  results  the  figures 
obtained  from  normal  men  : 


A^Uhor. 

Total 
Nitrogen. 

Urea 
Nitrogen. 

Uric  Add  I      NH^ 
Nitrogen.      Nitrogen. 

Extrac- 
tives 

Nitrogen. 

7^2 

Amino- 

Acid 

NUrogen. 

VonNoorden(90).. 
Hammaroten(91).. 
Gamerer  (92) 
Pfaundler  (93) 
Kruger  and  Schmidt 
(94)        .. 

100 
100 
100 
100 

100 

84-87 
84-91 
83-87 
7800 

1-3 
1-3 

7-10 
2-60 

4-8 
2-6-6-0 

In  dogs  there  is  no  marked  decrease  of  urea  nitrogen,  and  the  ammonia 
is  relatively  increased. 

Badt's  figures,  obtained  by  a  method  which  gave  too  low  a  result, 
may  be  discarded,  and  the  normal  figures  compared  with  Miinzer's 
which  are  especially  valuable  as  the  experiments  were  carried  out  at  all 
possible  stages  of  phosphorus-poisoning.  It  will  then  be  seen  that  in 
phosphorus-poisoning  the  organism  excretes  a  smaller  proportion  of  its 
urinary  nitrogen  in  the  form  of  urea  than  under  normal  conditions.  The 
figures  lie  at  the  lower  limit,  and  sink  now  and  then  below  it,  owing  to 
the  almost  invariable  increase  in  the  ammonia  excretion,  which  sometimes 
becomes  excessive,  and  takes  place  at  the  expense  of  the  urea.  The  urea 
and  the  ammonia  nitrogen  added  together  give  the  normal  amount. 
The  increased  ammonia  excretion  is  clearly  a  result  of  acidosis,  as  in  one 
of  Miinzer's  cases  it  was  much  decreased  after  the  administration  of 
sodium  bicarbonate.  The  so-called  residual  nitrogen  in  Miinzer's  cases  only 
amounted  to  about  8  per  cent.,  about  a  normal  average.    This  shows 
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that  bodies  not  found  at  other  times  in  the  urine,  even  if  they  occur  during 
phosphorus-poisoning,  must  do  so  in  very  small  quantities.  The  presence 
of  amino-acids  is  of  special  interest.    Pfaundler  obtained  these  figures  : 

AmKo-Aoros. 

Normal  dog,  2*26  per  cent. ;  after  poisoning,  5-13  per  cent. 
»»         f»     4"oo         tt  „  ,t  7*0        ,* 

The  difference  is  distinct,  though  slight.  Whether  it  is  at  the  expense 
of  the  urea  nitrogen,  as  seems  to  be  the  case  from  Pfaundler's  analysis, 
cannot  yet  be  definitely  decided. 


Components  of  the  ''  Residual "  Portion. 

Oxyproteic  Acid. — ^This  substance,  which  occurs  normally  in  the  urine, 
is  estimated  along  with  the  amino-acids  (95).  Careful  estimations  show 
that  normally  the  amount  varies  between  2  to  3  per  cent,  of  the  total 
nitrogen.  According  to  Pfaundler's  figures,  this  would  represent  all  the 
amino-acid  nitrogen  passed  in  health,  and  as  it  is  said  to  be  increased  in 
phosphorus-poisoning,  would  also  cover  the  increase  in  the  residual 
nitrogen.  This  would  be  in  agreement  with  the  increase  in  neutral 
sulphur,  though  this  can  be  otherwise  explained  (vide  infra). 

Cyanuric  Acid. — ^This  is  said  to  be  excreted  in  large  quantities  in  dogs 
poisoned  by  phosphorus  (131). 

Pepkme. — Gerhardt  and  others  originally  described  the  occurrence 
of  peptone  in  the  urine  in  cases  of  phosphorus-poisoning,  and  though 
these  authors  may  really  have  been  dealing  with  albumin,  recent  very 
reliable  investigations  show  that  in  many  such  cases,  when  a  negative  result 
is  obtained  by  boiling,  or  with  the  acetic  acid  and  potassium  ferrocyanide 
tests,  bodies  undoubtedly  occur  in  the  urine  which  give  the  biuret  reaction 
(97  to  99,  100,  132).  Particularly  at  the  height  of  the  illness  the  values 
were  high,  and  then  gradually  sank.  The  nature  of  the  body  is  uncertain, 
but  it  has  nothing  to  do  with  the  so-called  "  peptone-like  "  bodies  dis- 
covered in  dog's  urine  by  Hamack  (101),  as  none  of  these  gave  the  biuret 
reaction. 

Cystin. — Several  authors  have  found  a  body  from  which  sulphur  is 
easily  split  off  (102  to  104) ;  it  has  been  thought  to  resemble  cystin. 
Careful  researches  have,  however,  failed  to  identify  it,  but  it  has  been 
conclusively  shown  that  phosphorus-poisoned  dogs  can  elaborate  cystin 
in  the  normal  mamner. 

Amino-Adds — (a)  OlycocoU. — ^The  latest  researches  appear  to  show 
that  this  body  regularly  occurs  in  human  urine,  though  it  is  not  certain 
whether  it  is  free  or  as  a  part  of  some  more  complex  body.  Hippuric 
acid,  indeed,  has  been  found  in  phosphorus-poisoned  rabbits  (105  to  108). 

(6)  Alanin. — ^This  body  has  been  shown  to  be  probably  present  in 
the  urine  of  cases  of  phosphorus-poisoning  in  man. 

(c)  An  opticaUy  oc^tVe  amino-acid,  not  further  identified,  has  been  found 
in  animals  [Wohlgemuth]. 
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{d)  Leucin. — ^The  presence  of  this  body  in  the  urine  of  moribund 
patients  poisoned  by  phosphorus  was  shown  to  be  probable  by  Prankel 
and  others  (109,  125).  It  was  identified  by  analysis  by  Blendennaon 
(110)  in  the  urine  twenty-four  hours  before  death.  In  the  majority 
of  carefully  investigated  cases  hitherto  it  has  not  been  found  [Poore 
€md  others  (111)],  and  it  has  never  been  identified  in  the  urine  of 
poisoned  dogs. 

Edgeworth,  Walker  Hall  and  Sheppard  observed  a  case  of  phosphorus- 
poisoning  in  which  a  very  marked  jaundice  and  signs  of  severe  intoxica- 
tion cleared  up,  and  the  patient  left  the  hospital  apparently  cured ;  large 
quantities  of  leucin  were  identified  by  the  naphthalene-sulpho-chloride 
method.    Arginin  was  sought  for,  but  not  found. 

(e)  Tyroein. — Several  observers  have  found  this  body  to  be  present, 
and  recognised  it  by  analysis  and  microscopical  and  colour  reactions. 
In  many  other  cases  it  has  been  absent.  It  appears  to  occur  more 
frequently  in  man  than  leucin,  but  by  no  means  regularly ;  it  has  only 
been  once  found  in  dogs,  and  that  in  a  doubtful  case  (112). 

(/)  Arginin  has  been  found  in  the  urine  of  rabbits  and  man  after 
poisonous  doses  of  phosphorus  (152). 


Slgnifleanoe  of  the  Appearance  of  Amino-Adds. 

Though  Uttle  can  be  said  as  to  the  causes  of  the  increase  of  oxyproteic 
acid,  or  the  occurrence  of  peptone  and  cystin-like  bodies,  some  more 
detailed  consideration  must  be  given  to  the  problem  of  the  amino-acids, 
and  the  meaning  of  their  occurrence.  Their  presence,  especially  that  of 
leucin  and  tyrosin — for  the  others  have  but  recently  been  isolated — ^has 
from  the  first  excited  considerable  interest,  as  they  have  very  generally 
been  regarded  as  the  intermediate  products  of  normal  metabolism,  the 
further  breaking  down  of  which  has  been  hindered  by  the  peculiar  con- 
ditions of  phosphorus-poisoning.  This  assumption  is  not,  however, 
a  priori  justified.  The  appearance  of  the  amino-acids  in  phosphorus- 
poisoning  only  shows  that  the  organism  can  construct  them,  not  that  it 
does  so  under  normal  conditions.  Just  as  the  formation  of  cemparatlvdy 
simple  organic  bodies  may  be  influenced  in  various  directions  by  the 
introduction  of  certain  groups,  so  we  are  able  to  influence  the  direction 
of  protoplasmic  katabolism  by  various  means — e.^.,  by  introduction  of 
certain  atom  groups.  Thus  antibodies  are  produced,  and  thus  the 
glycocoU  combination  from  benzoic  acid.  We  have  no  right,  however, 
to  assume  that  normally  just  as  much  glycocoU  is  spUt  off  as  when  benzoic 
acid  is  administered  ;  or,  similarly,  that  amino-acids  are  normally  formed 
owing  to  their  occurrence  in  the  urine  in  phosphorus-poisoning.  Possibly 
the  phosphorus,  like  the  benzoic  acid,  may,  by  setting  up  peculiar  con- 
ditions, influence  the  protoplasm  and  induce  exceptional  processes.  We 
must  therefore  inquire  whether  there  is  any  reason  for  thinking  that  amino- 
acids  occur  during  normal  metabolism.  Our  ideas  as  to  their  significance 
in  phosphorus-poisoning  can  only  be  rightly  framed  on  the  results  of  such 
investigations. 


DRUGS  AND  POISONS  1126 

The  digestion  of  protein  in  the  intestinal  canal  undoubtedly  gives  rise 
to  these  bodies,  as  they  have  been  found  there.  Olycocoll  is  regularly 
formed  as  an  intermediate  product  after  the  administration  of  benzoic 
and  salicylio  acids  and  other  bodies,  and  is  found  combined  with  them 
in  the  urine.  Whether  it  can  occur  apart  from  these  combinations  is 
unknown.  Leucin  is  not  found  under  normal  conditions  in  the  blood 
or  organs,  even  after  large  doses  are  given  by  the  mouth  (108,  116), 
and  an  increase  in  the  urinary  amino-acids  has  only  been  noted  after 
their  intravenous  injection  in  rabbits  (117).  Tyrosin  itself  does  not  easily 
pass  into  the  urine ;  in  rabbits,  the  ingestion  of  large  quantities  gives 
rise  to  tyrosin-hydrantoin  in  the  urine,  and  intravenous  injections  produce 
an  increase  in  amino-acids  (vide  infra).  This  negative  result  does  not 
disprove  their  occurrence  normally,  as  the  organism  can  oxidize  large 
amounts  of  leucin. 

We  know  more  of  the  normal  formation  of  tyrosin,  which  is  another 
product  of  the  intestinal  digestion  of  protein.  It  is  also  certain  that  it 
is  an  intermediate  product  of  metabolism.  In  starved  animals  whose 
intestines  were  quite  empty,  and  in  aseptically-fed  guinea-pigs,  bodies 
are  constantly  found  in  the  urine  which  are  derived  from  tyrosin,  and  are 
increased  when  large  quantities  of  that  substance  are  given  by  the  mouth. 
They  are  the  de-amidization  and  oxidation  products  of  tyrosin,  the  so- 
called  aromatic  oxyacids,  para-oxy-phenyl-propionic  acid,  and  para- 
oxy-phenyl-acetic  acid;  para-oxy-phenyl-lactic  acid  does  not  occur 
normally,  but  only  after  tyrosin  administration.  The  conditions  found 
in  alkaptonuria  all  point  in  the  same  direction. 

To  sum  up  :  Under  normal  circumstances  the  occurrence  of  glycoooU 
and  leucin  is  not  proved,  but  that  of  tyrosin  is  highly  probable. 

To  answer  the  question  as  to  how  the  appearance  of  these  bodies  in 
phosphorus-poisoning  is  to  be  explained,  we  must  first  determine  whether 
they  represent  a  specific  disturbance  of  metabolism.  This  is  not  the 
case.  In  the  first  place,  phosphorus-poisoning  is  not  invariably  accom- 
panied by  the  presence  of  amino-acids ;  they  are  absent  in  many  cases, 
so  that  there  is  no  actual  qualitative  disturbance.  In  the  next  place, 
recent  accurate  methods  have  enabled  us  to  recognise  the  presence  of 
amino-acids  in  the  urine  in  a  large  number  of  conditions — ^for  instance, 
in  the  course  of  severe  jaundice,  narcosis,  and  diabetes  (96,  106,  134). 
In  all  probability  the  number  of  instances  will  be  greatly  increased  in 
the  next  few  years. 

Of  especiaJ  importance,  however,  as  facilitating  an  explanation  of  the 
etiology,  are  observations  on  the  occurrence  of  amino-acids  in  cases  in 
which  the  oxygen  consumption  has  been  exjierimentally  decreased. 
This  happens  either  through  diminution  of  the  supply  of  oxygen  to  the 
tissues — ^residence  at  high  altitudes  (123),  autolysis — or  through  decre€U9e 
in  their  oxidative  power — ^prussic  acid  poisoning  (124).  Most  probably 
the  decreased  consumption  of  oxygen  causes  a  further  remarkable  condi- 
tion— ^namely,  decreased  alkalinity.  Autolysis  does  not  occur  in  neutral, 
or  alkaline,  media ;  at  any  rate,  not  to  the  extent  with  which  we  are 
dealing  here— the  hydrolysis  of  protein  as  far  as  the  production  of 
amino-acids  (135  to  137).    It  would  be  very  significant  if  it  could  be 
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shown  that  amino-acidB  were  present  in  the  urine  of  animah  under 
varied  conditions  of  acidosis,  deprivation  of  oxygen,  or  pmasic  acid 
poisoning. 

The  idea  that  in  phosphorus-poisoning  a  condition  of  anaerobioeis 
exists  is  no  new  one.  Experimental  work  was  first  carried  out  on  l^e 
subject  by  Jacobi  (113),  who  considered  that  there  was  considerable 
anie-mortem  autolysis  in  this  condition,  on  account  of  his  observaticm 
that  in  a  case  in  a  dog  a  larger  proportion  than  usual  of  the  total  nitrogen 
in  the  Uver  could  be  precipitated  with  magnesia,  €knd,  further,  that  if 
the  phosphorus  liver  were  allowed  to  stand,  more  nitrogen  could  be  ob- 
tained by  magnesia,  and,  finally,  a  rapid  disintegration  of  the  tissues 
occurred.  The  latter  phenomenon  has  probably  no  connection  witii 
changes  in  the  protein  bodies,  as  the  coagulable  nitrogen  did  not 
decrease  any  more  rapidly  than  in  a  normal  liver.  Possibly  it  was 
due  to  a  solution  of  the  fat  of  the  liver  in  the  toluol.  It  has  not 
been  determined  whether  there  is  a  greater  proportion  of  amide  nitax>gen 
than  non-amide  in  the  phosphorus  liver.  A  priori,  a  more  marked 
autolysis  in  the  phosphorus  liver  is  not  surprising,  as  it  is  favoured 
by  the  acid  reaction. 

An  entirely  different  point  of  view  is  taken  up  by  Welsch  (5).  He 
endeavoured  to  ascertain  whether  the  occurrence  of  diamino-acids  arises 
from  their  increased  formation  to  such  aji  extent  that  the  normal  oxidizing 
capacity  of  the  organism  is  not  equal  to  their  complete  decomposition, 
as  when  large  amounts  are  given  by  the  mouth  ;  or  whether  it  is  due  to 
a  decreased  power  of  oxidation  or  synthesis,  the  extent  of  the  production 
remaining  normal ;  or,  finally,  whether  a  combination  of  both  factors 
exists.  If,  normally,  amino-acids  are  usually  formed  as  intermediate 
products — which  seems  very  probably  the  case  with  tyrosin — ^it  might, 
a  priori,  be  assumed  that  they  would  occur  to  a  greater  extent  in  phos- 
phorus-poisoning, as  the  protein  metabolism  is  increased,  provided  that 
the  latter  proceeds  in  the  usual  manner.  If,  however,  tliis  is  not  so  as, 
for  instance,  in  autolysis  of  the  organs — stiU  greater  amounts  of  amino- 
acids  will  occur.  We  may  infer  from  this  increased  metabolism  t^at  the 
power  of  the  normal  organism  to  decompose  excessive  amounts  of  amino- 
acids  is  absent,  and  are  thus  comx)elled  to  conclude  that,  besides  increased 
formation,  there  is  also  decreased  power  of  oxidation.  This  is  also  the 
conclusion  arrived  at  with  more  certainty  by  Baumann  and  his  pupils 
(110,  120,  122,  126). 

1.  Obssbvatioks  ok  Man. 


Condition, 

Phenol. 

Oxyacid.. 

Tyrosin. 

Nonnal           

5-10  srammes  tyrosin 
Phos^orus-poisoning 

Traces. 
Increased. 
Increased. 

Traoes. 

Traoes. 

Much  increased. 

Nil. 

NU. 

Nil  or  traoes. 
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Condition, 


Urinary  Excretion  of — 


PhanoL 


Nonnal  

Tyro8in»  5  grammes  . . 

Tyroein,  10  grammee 

Phoephorus-poisoning 
Phosphorus  •  poisoniog  +    10 
grammes  tyrosin   . . 


Traces. 
Traces. 

Traces. 

Traces. 

Traces. 


Oxjiclds. 


Traces. 
Traces  or  in- 
crease. 
Considerable 
increase. 
Increased. 

Considerable 
increase. 


Tjrroilii. 


NU. 
Nil  or  traces. 

Traces. 

NU. 

Nil  or  traces. 


From  this  table  it  is  clearly  seen  that,  even  in  phosphoruB-poisoning, 
the  power  of  de-amidization^  is  only  very  seldom  insufficient,  and  is  fairly 
adequate  when  the  organism  has  to  deal  with  even  large  quantities  of 
amino-acids. 

On  the  other  hand,  in  phosphorus-poisoning  the  oxyacids  are  not 
only  increased  in  dogs,  which  normally  excrete  more  oxyacids  if  fed 
with  tyrosin,  but  also  in  men,  who  only  excrete  more  phenol.  This  points 
to  an  abnormal  metabolism,  as  does  the  appearance  of  oxymandelic  acid — 
a  tyrosin  nucleus  which  up  to  the  present,  at  any  rate,  has  never  been 
found  in  health  (126,  127). 

If  we  might  draw  conclusions  as  to  the  other  amino-acids  from  the 
fate  of  tyrosin,  we  should  consider  that  in  phosphorus-poisoning  probably 
there  is  an  increased  production  of  amino-acids  and  a  decreased  power 
of  decomposing  them.  The  metabolic  disturbances  primarily  affect 
oxidation  (failure  to  convert  oxyacids  into  phenol)  and  only  imder  special 
circumstances  the  de-amidization^  (just  before  death). 


Non-nitrogenous  Bodies  of  the  Aliphatic  Series. 

Sarcdactic  acid  has  been  found  in  increased  quantities  in  the  organs 
and  urine,  both  in  man  and  animals,  during  phosphorus-poisoning,  but 
frequently  it  is  absent,  and  in  cats  less  than  the  usual  amount  has  been 
found  in  muscle  [Mandel  and  Lusk,  and  others  (150)].  In  phlorizin 
glycosuria  the  sarcolactic  acid  disappears  from  the  blood  and  urine  of 
phosphorus-poisoned  animals. 

Acetone, — In  man  this  has  been  found  immediately  after  the  poison- 
ing, and  apparently  independently  of  starvation.  Schwartz  concluded 
that  it  was  not  connected  with  malnutrition,  as  it  increased  in  spite  of  the 
administration  of  carbohydrates  (149). 

^  This  is  the  form  of  disturbance  when  unchanged  tyrosin  appears  in  the  urine. 

'  It  has  been  shown  that  tyrosin  only  appears  in  the  urine  shortly  before  death,  and 
that  amino-acids  cannot  be  found  in  the  orsans  at  the  height  of  the  poisoning  ( 1 14).  Prob- 
ably the  sjmthesis  of  amino-acids  into  higher  compounds  is  disturbed  ;  it  has  been  shown 
that  there  is  less  hippurio  acid  formed  (138) ;  whereas  the  phenol-sulphonic  acid  remains 
unchanged  (139). 
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The  bioigaiiie  ConstttiiMiti  of  the  Urine. 

1.  CUondea, — ObeenrationB  on  man  and  animalH  unite  in  showing  tii&t 
at  the  banning  of  the  poisoning  the  chlorides  rapidly  fall,  then  gradually 
rise  till  they  exceed  the  normal  amount.  Until  experimental  results 
showing  the  balance  between  output  and  intake  are  available,  it  is  im- 
possible to  say  whether  this  is  due  solely  to  the  oonmiendng  starvation, 
or  whether  it  is  produced  by  various  factors. 

2.  Phosphates. — In  observations  on  man  during  the  first  twaity-fonr 
hours  the  phosphorus  excretion  compared  to  the  nitrogen  remained  about 
normal ;  there  was  then  a  rapid  rise  for  a  few  days,  and  then  a  fall  to 
subnormal ;  finally,  a  rise  to  normal.  No  balance-sheet  could  be  drawn 
up  owing  to  ignorance  of  the  intake.  Miinzer  r^aided  the  original 
rise  (which  his  colleagues  attributed  to  the  oxidation  of  some  of  the 
phosphorus  to  phosphoric  acid)  as  indicating  the  destruction  of  lecithin 
in  the  liver ;  lecithin  has  been  shown  to  be  decreased  {vide  supra).  The 
subsequent  fall,  he  thought,  showed  its  renewed  formation.  Other 
observers  found  that  the  phosphorus  excretion  parallel  with  that  of 
nitrogen  (c/.  also  151). 

3.  Sulphates. — ^No  special  increase  has  been  recognised  by  Kast  and 
Miinzer.  Welsch,  however,  found  a  distinct  but  transient  increase  in 
sulphur  excretion  which  did  not,  as  in  other  poisoning  cases,  vary  exactly 
as  did  the  nitrogen.  Figures  have  already  been  quoted  for  the  unoxi- 
dized  sulphur.  Estimations  of  the  ethereal  sulphates  yielded  n^ative 
results. 

The  Theory  of  Phosphorus-Poisoning. 

Having  now  considered  the  symptomatology  of  phosphorus-poisoning, 
we  must  inquire  whether  we  are  in  a  position  to  explain  its  action.  It 
is  very  doubtful  whether  phosphorus  acts  as  an  element,  or  in  a  reduced 
or  oxidized  form  (140).  Ever  since  Bauer's  experiments  the  symptoms 
have  been  compared  with  those  of  oxygen  deficiency  in  tabular  form  thus  : 

I>siionNor  OF  OxYour.  pHosFHOBUS-PoiaoiriNo. 

1.  Oiueous  metabolism : 

(\  intake  deoreaaod.  0|  intake  deoreaaed. 

00]  output  at  first   increased  or      OQi  output  at  first  not   inveatigaied, 
unchanged,  finally  decreased.  generally  decreased. 

2.  Fat  metabolism : 

Apparently  decreased.  Apparently  decreased. 

3.  Qlyeogen  eonteiU : 

Diminished.  Diminished. 

4.  Sugar  in  Hood : 

Often  raised  with  glycosuria.  Not  raised  ;  glycosuria  infrequent. 

5.  Blood  gaaea, 

OL  decreased.  Not  decreased. 

00|  decreased.  Decreased. 

5a.  Alkalinity  of  blood  : 

Decreased.  Decreased. 
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DxnonNOT  of  Oxyqin.  Phosphorus- Poisoning. 

6.  ¥id  trana/erenee  and  infiUration  : 

Not  inYestigated.  Present. 

7.  ProUin  Metabolism  : 

Inareased.  Inareased. 

8.  Bnd-produeis — 

(a)  Nitro^^ous : 

Ammo-acids  sometimes   pre-      Sometimes  present. 

sent. 
Ozyproteic  aoid — ^not  investi-      Inoreased. 


Peptone — not  investigated.  Sometimes  present. 

{b)  Non-nitrogenoos : 

Lactio  aoid  present.  Present. 

Normal  oxyacids — ^not  inves- 
tigated. Increased. 

Oxymandelic    acid — not    in-      Sometimes  present, 
vestigated. 

9.  Hvppwric  acid  syniheais : 

]>iminished.  Diminished. 

10.  NeiUral  nUphwr : 

Inoreased.  Inoreased. 

We  cannot,  of  course,  expect  the  two  processes  to  be  identical,  as  they 
are  not  produced  by  identical  agencies.  Phosphorus-poisoning  is  usually 
a  chronic  process,  whereas  deprivation  of  oxygen  under  experimental 
conditions  is  usually  acute.  Hence,  too,  experiments  on  oxygen  depri- 
vation show  very  various  results,  according  to  the  degree  of  acuteness, 
and  certain  points  on  both  sides  are  as  yet  very  imperfectly  investigated. 
The  table,  however,  shows  many  analogies,  chiefly  as  regards  (2)  fat 
metabolism,  (3)  condition  of  glycogen,  (6)  CO2  in  blood,  (5a)  alkalinity 
of  blood,  (7)  protein  metabolism,  (8,  a)  amino-acids,  (8,  b)  lactic  acid, 
(9)  restricted  synthesis  of  hippuric  acid,  (10)  increase  of  neutral  sulphur. 
Inadequate  or  unsuccessful  experiments  render  it  impossible  at  present 
to  compare  the  behaviour  of  the  gaseous  metabolism  and  the  occurrence 
of  peptone,  oxyproteic  acid,  oxyacids — especially  oxymandelic  acid — 
fat  transference,  and  infiltration. 

The  behaviour  of  the  sugar  in  the  blood  (and  urine)  is  quite  different 
under  the  two  conditions,  being  increased  in  oxygen  deficiency  and 
usually  absent  in  phosphorus-poisoning.  Anyhow,  the  more  careful 
experiments  fail  to  show  under  what  conditions  glycosuria  occurs  in 
phosphorus-poisoning ;  whereas  it  is  quite  certain  that  in  acute  deprivation 
of  oyxgen — ^though  usually  not  in  chronic — a  marked  breaking  down  of 
glycogen  occurs,  and  is  apparently  vasomotor  in  origin. 

The  very  general  agreement  in  the  symptomatology  of  the  two  condi- 
tions suggests  that  actually  a  deficiency  of  oxygen  may  occur  in  phos- 
phorus-poisoning. This  might  be  caused  by  a  disturbance  of  the  respira- 
tion or  circulation,  or  both.  No  disturbance  of  respiration  has  ever  been 
observed,  but  as  to  the  circulation,  Miescher,  as  we  have  seen,  regarded 
as  an  important  factor  the  disturbance  which  occurs  very  early  in  the 
acute  cases,  and  towards  the  end  in  the  chronic  ones.  Meyer  excluded 
the  circulatory  disturbances  as  a  cause  of  the  fatty  liver  in  rabbits  because 


1130  THE  PATHOLOGY  OF  METABOLISH 

the  blood-presrare  falls  maf kedly ;  and,  on  the  other  hand,  oth^  poisons, 
like  iron,  platinum,  and  emetin — ^which  equally  reduce  the  blood-preasure 
—do  not  produce  fatty  infillaration.  We  do  not  consider  that  the 
circulatory  disturbance  is  the  cause  of  most  of  the  83rmptoiii8y  but 
think  it  probable  that  it  has  some  connection  with  tiie  appeafance 
of  leucin  and  tyrosin  in  the  liver  and  urine,  as  these  substanccB  are 
not  found  when  the  symptoms  are  at  their  height,  but  only  just 
before  death. 

The  blood-supply  may  suffer  owing  to  changes  in  the  blood— either 
a  decrease  in  the  erythrocytes,  or  a  change  in  the  hemoglobin.  In 
certain  classes  of  animals,  as  a  matter  of  fact — e.g.,  birds — a  considerable 
faO  in  erythrocytes  occurs  (148).  In  mammals  only  a  slight  diminution, 
if  any,  takes  place ;  generaUy  there  is  a  relative  increase  in  erythrocytes 
and  haemoglobin  owing  to  increased  density  of  the  blood  (115).  The 
decrease  has  no  causal  relation  to  the  symptoms.  Meyer  showed  that  a 
rabbit  which,  in  the  course  of  a  fortnight,  had  lost  twice  its  original 
amount  of  blood  showed  no  decrease  in  the  (X)^,  though  the  O^  in  the 
blood  was  much  diminished.  The  latter  is  not  decreased  in  phosphorus- 
poisoning. 

Although  Meyer  could  find  no  change  of  any  other  kind  in  the  blood 
which  would  prevent  the  oxygen  being  given  up  to  the  tissues — as  when 
methaemoglobin  is  formed — Araki  states  that  the  phosphorus  prevents 
the  blood  from  parting  so  rapidly  with  its  oxygen. 

We  may,  therefore,  on  the  experimental  evidence,  exclude  decreased 
oxygen  supply  to  the  tissues  as  a  cause  of  the  symptom-complex  in  phos- 
phorus intoxication. 

As,  however,  there  are  undoubted  signs  of  diminished  energy  in  the 
oxidizing  processes,  we  must  consider  whether  phosphorus  may  not 
act  like  prussic  acid,  only  much  more  slowly,  and  directly  inhibit  the 
oxidative  capacity  of  the  cells.  In  this  case  we  should  expect  the  same 
signs  of  partially  anaerobic  processes  as  in  deprivation  of  oxygen.  We 
must  remember  that  possibly  phosphorus  has  some  selective  affinity  for 
the  constituents  of  certain  organs,  and  that  the  disturbances  might, 
in  consequence,  be  limited  to  these.  To  deal  with  the  latter  point 
first,  there  are  many  indications  of  especially  severe  disturbances  in 
the  liver,  whence  it  frequently  happens  that  in  spontaneous  cases 
of  poisoning  in  animals  these  only  are  noted.  Very  probably,  hovrever, 
there  are  also  severe  changes  in-  other  organs,  as  is  indicated  by  the 
presence  of  protein  hydrolysis  (amino-acids)  in  the  kidneys,  muscles,  and 
heart. 

On  the  other  hand,  the  temporary  character  of  the  functional 
derangement  in  such  organs  as  the  brain  and  kidneys  is  against  this 
view. 

The  changes  in  the  liver  are  the  only  ones  which  have  been  com- 
pletely studied.  Besides  the  increase  in  fat  and  decrease  in  lecithin, 
they  include  diminution  in  the  total  nitrogen,  which  is  absolute  and  not 
merely  relative  to  the  increase  in  fat,  and  an  absolute  diminution  in  the 
protein  bases,  as  shown  by  the  foUowing  table  [Kossel  and  Wakeman 
(142)]: 
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Condition, 

Niirogen, 

ToUtl  Nitrogen  in— 

Dry  Substance. 

Aiginin. 

Histidln. 

Lysin. 

Normal           

Phosphonis-poisoning 

Per  Gent, 
f  11-64 
11-28 
1  12-48 
/    7-34 
\    7-90 

Per  Gent 
8-98 
10-26 
8-72 
6-06 
4-14 

Per  Gent 
2-0 
2-4 
2-4 
1-8 
1-2 

Per  Gent 
4-87 
6-60 
3-90 
3-80 
2-70 

The  liver  does  not  appear  to  lose  either  sulphur  or  phosphorus 
[Wohlgemuth  (143)]. 


Condition. 

Dry  SubHance  in— 

Nitrogen. 

Fhoephorufl. 

Sulphur. 

Nornud            

n&osphorus-poiBoning 

Fta-Gent 

11-42 

7-26 

Per  Gent 
1-82 
1-77 

Per  Gent 
0-78 
0-81 

It  would  be  interesting  to  determine  whether  similar  changes  occur 
in  the  liver  in  cases  of  deprivation  of  oxygen,  especially  when  produced 
by  poisons  like  prussic  acid,  which  directly  diminish  the  oxidative  power 
of  the  cells.  As  a  matter  of  fact,  the  phenomena  are  best  correlated 
by  supposing  that  the  symptoms  of  phosphorus-poisoning  are  due  to 
the  power  of  the  poison  to  diminish  the  oxidative  capacity  of  the  cells, 
especially  in  certain  organs.  It  thus  resembles  a  chronic  prussic  acid 
poisoning,  and  it  is  this  chronic  character  which  prevents  the  oxygen 
content  of  the  venous  blood  from  giving  so  decisive  a  result,  though,  but 
for  the  fact  that  it  gives  an  abnormally  high  figure,  it  furnishes  considerable 
support  to  the  opinion  we  have  advanced. 

Thifi  also  explains  why  fermentative  processes  are  not  diminished  (144) ; 
benzoyl  oxidation  alone  is  restricted,  though  possibly  this  is  the  result 
of  some  indirect  disturbance  of  oxidation — ^namely,  diminished  fat 
metabolism  (145). 
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iP)  Oil  of  PennyroyaL 

The  chemical  symptoms  of  poisoning  by  oil  of  pennyroyal  (1)  are, 
so  far  as  is  known,  remarkably  like  those  produced  by  phoephorus. 
Accurate  experiments  on  dogs  showed  that  general  metabolism  at  first 
was  hardly  altered,  and  then  sank  about  20  per  cent.  The  cause  was 
decrease  in  fat  metabolism,  as  was  very  clearly  shown  by  respiraticm 
experiments.  The  protein  metabolism  is  jnarkedly  raised.  Leucin  and 
tyrosin  have  been  found  in  the  urine  (2),  but  not  always  (1).  Increase 
of  fat  was  regularly  found  in  heart  and  liver  (3, 5),  but  not  in  the  kidney  (4). 
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(y)  Halogen  Narooties  of  the  Aliphatie  Series. 

The  symptoms  are  so  simliar  to  those  of  phosphorus-poisoning  in 
certain  points  that  we  may  conclude  they  are  produced  in  the  same 
manner. 

(8)  Arsenie. 

Small  Therapeuiic  Doses. — In  spite  of  its  frequent  and  effective  use 
in  practice,  the  cause  of  the  therapeutic  action  of  arsenic  is  but  little 
understood.  In  numerous  instances  a  marked  rise  in  weight  is  noticed, 
and  is  usually  attributed  to  the  increased  apx>etite  produced  by  the  drug. 
This  cannot,  however,  be  the  only  cause,  as  it  has  been  observed  to  occur 
with  a  constant  diet  in  the  exact  experiments  of  Henius  (1)  with  atoxyl 
(meta-arsenic  acetaniUde).  Doubtless  the  growth  of  the  bones  and  fatty 
tissues  (2),  and  the  remarkable  increase  in  haemoglobin  and  erjrthrocytes 
(6,  31),  are  partial  expressions  of  the  specific  action  of  arsenic.  The 
well-known  arsenic-eating  horses  and  men  in  Styria  also  point  to  a  specific 
action,  as  it  would  be  a  bold  assumption  to  suppose  that  they  had  all 
previously  suffered  from  loss  of  appetite. 
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Henius  made  the  earliest  experiments  on  gaseous  metabolism.  By 
the  Gepx>ert-Zuntz  method  he  was  able  to  show  that  there  was  no  change 
in  the  net  values  of  oxygen  intake  and  CO^  output  in  a  patient  under 
treatment  with  atoxyl  whose  weight,  which  was  previously  rising,  increased 
during  the  course  of  the  cure  by  2*5  kilogrammes  (five  pounds).  In  all 
these  experiments  the  Geppert-Zuntz  method  should  be  controlled  by 
some  other,  as  a  veiy  gradual  decrease  in  the  gaseous  interchange  could 
not  be  detected. 

Protein  metabolism  in  animals  on  very  small  doses  is  distinctly 
diminished  (7).  A  sheep  put  on  about  0*8  gramme  nitrogen  daily, 
and  assimilation  was  improved  (6).  In  other  cases  the  nitrogenous 
metabolism  was  unaffected  (8,  9).  In  man  a  tendency  to  increase  in 
weight  has  always  been  noted.  Ewald  and  Dronke's  experiments  are 
not  clear,  as  the  arsenical  waters  they  used  also  contained  iron,  but  their 
results  pointed  to  the  same  direction  (24). 

Toxic  Doaea. — Chittenden  and  Cummins  have  carried  out  the  only 
experiments  on  gaseous  interchange  as  far  as  I  know.  They  found  in 
rabbits  the  CO^  output  somewhat  decreased  by  dally  doses  of  35  milli- 
grammes arsenic.  Usually,  however,  there  is  an  increase  in  protein 
metabolism  both  in  starved  and  fed  animals  (7,  11,  12). 

In  a  very  short  time  (a  few  hours)  the  liver  is  free  from  glycogen 
(14  to  20),  but  the  muscle  glycogen  is  more  resistant.  The  liver  glycogen 
disappears  before  there  is  any  appreciable  increase  in  fat,  which,  con- 
sidering the  theory  as  to  the  interchangeabiUty  of  fat  and  glycogen,  is  not 
without  significance.  Poisoned  animals  fed  on  sugar  fsdled  to  form 
further  glycogen,  but  glycosuria  was  much  more  easily  induced  (16)  than 
usual.  The  sugar  content  of  the  liver  and  blood  was  not  increased 
according  to  the  earlier  experiments,  and  the  more  recent  ones  have  given 
uncertain  results.  New  experiments  are  much  needed,  especially  as 
glycosuria  is  infrequent  in  spite  of  the  rapid  disappearance  of  glycogen  (22). 
It  is  stated  that  neither  curare  nor  diabetic  puncture  produce  glycosuria 
in  poisoned  animals,  the  cause  being  probably  absence  of  glycogen. 

The  CO2  content  of  the  blood  is  much  decreased  by  toxic  doses  (23). 
The  cause  of  this  is  not  to  be  found  in  an  increased  ventilation  of  the 
blood,  as  the  respiration  is  mostly  gentle  and  shallow,  but  the  excretion 
of  COjdue  to  the  occurrence  of  acid  bodies.  Of  the  organic  acids,  lactic 
acid  has  been  found  in  increased  amounts  ;  in  dogs  this  was  the  optically 
inactive  acid  of  fermentation,  the  zinc  salt  of  which  loses  17*88  per  cent, 
water  of  crystallization  on  drying,  whereas  sarcolactate  of  zinc  loses 
12*9  per  cent.  This  is  an  isolated  instajice,  and  must,  among  other 
things,  depend  upon  the  kind  of  animal,  as  optically  active  lactic  acid 
has  been  found  in  the  blood  of  cats.  The  increase  is  not  inconsiderable, 
and  may  amount  to  150  per  cent,  (normal  blood  0*042  per  cent.,  after 
poisoning  0*113  per  cent,  on  the  average). 

The  origin  of  the  lactic  acid  is  obscure.  Sarcolactic  acid  is  constant 
in  blood,  muscle,  and  liver.  In  the  fresh  livers  of  cats,  dogs,  and  rabbits, 
Morishima  found  0-113  per  cent,  on  the  average ;  in  cats  poisoned  with 
arsenic  the  fresh  liver  contained  0*168  per  cent. — an  increase  of  about 
50  per  cent.    In  the  muscles  the  figures  are  0-388  per  cent,  as  against 
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0*314  per  cent,  nonnal  (18).  A  special  increase  occnrred  in  the  kidneys 
(0-111  per  cent,  to  0-386  per  cent.)  and  the  intestinal  wall  (0-161  p»  cent, 
to  0-422  per  cent.). 

Li  some  vety  careful  experiments,  Morishima  tried  to  show  a  relation 
between  the  increase  in  lactic  acid  and  the  decrease  in  carbohydrate. 
He  first  estimated  the  amounts  of  each  in  fresh  livers  and  in  livers  which 
had  been  kept  for  some  time. 


Number 

Glycogen, 

Sugar.          \ 

ZineLaeia$e, 

1 

0/  Experi- 

Animal 

Imeretue.  ' 

ment, 

Fmh. 

Later. 

Frwh.        Ltttor.    . 

Frash.      ,      Later. 

1 

! 
1 

PerOont. 

PffCent 

PwCwt 

PwCwl 

Pot  Gent. 

PerCoaL 

1 

Cat             3-87 

1-84 

001 

2-20 

0-246 

0-217 

,___ 

2 

Cat            6-71 

5-45 

1-81 

268 

0-159 

0-676 

1  :4-2 

3 

Rabbit      9-80 

6-28 

1     0-41 

3-62 

0-230 

0-283 

1:5-6    , 

4 

Dog           3-45 

0-30 

117 

3-84 

0-191 

0-833 

1:4-2    ' 

5 

Cat            5-81 

3-68 

1-42 

2*84 

0-181 

0-313 

1:1-7     : 

A  comparison  of  the  decrease  in  carbohydrate  (calculated  as  sugar) 
with  the  increase  in  lactic  acid  shows  : 


t 
Number  o/  BxperimenL                        | 

1. 

s. 

S. 

4.         ,         ^ 

Decrease  in  oarbohydrate 
Inorease  in  lactio  aoid 

0-97 
000 

0-620 
0-517 

1-820 
1-053 

0-830 
0-636 

0-940 
0-132    , 

As  the  carbohydrate  disappeared  more  rapidly  than  lactic  acid  was 
formed,  it  suggests  that  if  carbohydrate  usually  forms  lactic  acid,  it  is 
not  all  converted  into  that  substance,  or  that  the  lactic  acid  is  further 
decomposed.  By  digesting  grape-sugar  or  glycogen  with  liver  extract, 
after  the  formation  of  fermentation-lactic  acid,  it  was  found  that  OO2 
was  developed  (4).  In  Morishima's  experiments  the  lactic  acid  was  about 
65  per  cent,  of  the  fermentation  fornx  and  35  per  cent,  sarcolactic,  and  as 
fresh  liver  contained  none  of  the  fermentation-lactic  acid,  it  is  probable 
that  it  is  first  formed  during  the  digestion  experiment. 

These  observations  show  that  it  is  very  possible  that  lactic  acid 
formation  may  take  place  intra  vitam  at  the  expense  of  the  glycogen. 
But  there  is  no  more  definite  evidence.  Possibly  the  lactic  acid  may 
arise  from  some  quite  different  substance — e,g.,  albumin.  Nor  can  any- 
thing more  definite  be  said  as  to  the  relationship  between  the  ferm^ita- 
tion  acid  and  sarcolactic  acid.  In  the  urine  of  dogs  and  rabbits  poisoned 
with  arsenic,  Araki  found  none  of  the  constituents  of  bile,  but  an  acid 
the  properties  of  which  correspond  to  neither  lactic  acid,  as,  though 
its  water  of  crystallization  was  13-14  per  cent,  (nearly  the  same  as  sarco- 
lactic), it  was  optically  inactive. 
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PoBt-mortem  examinations  of  cases  of  arsenical  poisoning  show  fatty 
infiltration  of  the  liver. 

The  synthesis  of  hippuric  acid  is  not  affected  (21),  and  no  abnormal 
quantities  of  phenol  are  formed  from  benzol  (13). 


Theory  of  Arsenic-Poisoning. 

Though  cases  of  arsenic-poisoning,  either  in  man  or  in  experimental 
animals,  are  not  numerous,  a  general  resemblance  of  the  symptoms  to 
those  of  phosphorus-poisoning  can  be  established.  In  both  cases  small 
doses  produce  increased  growth,  large  doses  all  the  signs  of  decreased 
oxidation  :  marked  disturbance  of  the  liver — sometimes  in  rabbits,  and 
often  in  dogs,  there  is  jaundice  with  bile  pigments  in  the  urine — ^increase 
of  fat  in  certain  organs,  increase  in  protein  metabolism,  rapid  disappear- 
ance in  glycogen,  occurrence  of  lactic  acid  in  large  quantities,  and  decreaed 
alkalinity  of  the  blood.  No  doubt  other  symptoms  resembling  those  of 
phosphorus-poisoning  could  be  found — ^as,  for  instajice,  the  occurrence 
of  amino-acids  in  the  urine.  It  is  very  probable  also  that  the  total 
oxidation  is  diminished.  A  primary  damage  to  the  oxidative  powers 
of  the  cells  may,  therefore,  correctly  be  assumed,  especially  as  estima- 
tions of  the  hsBmoglobin  and  other  blood  examinations  have  failed  to 
show  any  toxic  changes  in  the  blood.  Wiley  Jones  (26)  notes  that 
arseniuretted  hydrogen  acts  differently  to  the  other  arsenic  compounds, 
causing  a  rapid  dissolution  of  the  hsBmoglobin  and  disintegration  of  the 
erythrocytes,  and  also  marked  degenerative  changes  in  the  kidneys. 
The  observation  that  the  oxidation  of  benzol  is  not  interfered  with  is 
not  reaUy  opposed  to  these  conclusions,  owing  to  the  ambiguous  nature 
of  the  result. 
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(c)  Antimoiiy. 

Poisoning  by  antimony  is  relatively  uncommon,  and  thus  has  been 
little  studied  experimentally.    The  literature  consistB  of  reports  of  cases. 

Large  doses  diminish  the  OO^  output  in  starved  rabbits  [CSiittenden 
and  Cummins  (1)].  Protein  metabolism  is  unaltered  in  fed  dogs  by 
1  to  1*5  grammes  of  oxide  of  antimony  given  by  the  mouth  [Chittenden 
and  Blake  (2)],  but  in  starved  animals  it  is  markedly  raised  (30  per  cent.) 
[Gathgens  (3)].  After  intravenous  injection  the  CO,  in  the  blood 
diminishes  (4),  and  rapid  disappearance  of  glycogen  and  fatty  infilteitioD 
of  the  organs  has  been  observed  (5).  Other  results  as  to  glycogen  were 
obtained  by  Chittenden  and  Blake  (2). 

These  sparse  communications  show  that  the  action  resembles  that  of 
arsenic. 

(0  Iron. 

Iron  has  already  been  thoroughly  considered  as  regards  the  forma- 
tion of  Hb  ptfagnus-Levy  (8)].  The  therapeutic  use  of  iron  has  nothing 
to  do  with  this  function,  as  iron  hunger,  with  all  its  serious  consequences 
to  nutrition  (9),  plays  no  part  in  pathology.  The  reason  is  that  other 
drugs  and  other  methods  may  often  effect  the  same  cure  as  iron. 

The  frequent  use  of  iron  is  in  glaring  contrast  to  the  sparsity  of 
our  knowledge  as  to  the  metabolic  changes  which  it  produces.  In 
small  doses  it  acta  similarly  to  arsenic — at  least,  it  increases  blood 
formation,  and  at  the  same  time  "  improves  nutrition  "  (10).  Probably 
this  effect  is  the  result  of  the  same  action  on  metabolism  as  the  increased 
blood  formation — ^namely,  overcompensation  for  the  slight  decrease  in  the 
oxidizing  capacity  of  the  cells  induced  by  iron,  as  by  high  altitudes. 

In  one  experiment  on  a  dog  (11)  the  nitrogen  balance  remained  un- 
changed when  0*3  to  0*5  gramme  (5  to  7|  grains)  of  perchloride  of  iron 
was  given  in  very  dilute  solution.  A  fall  was  observed  in  another  case, 
but  there  were  objections  to  the  method  of  experiment  (7). 
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There  is  no  case  of  poisoning  by  iron  taken  by  the  mouth,  as  too  little 
is  absorbed.     Large  doses  act  as  intestinal  irritants. 

Subcutaneously  larger  doses  produce  severe  general  toxic  symptoms  ; 
the  CO2  in  the  blood  falls  (6) ;  hence  we  may  conclude  that  an  acidosis 
occurs  as  with  arsenic,  which  in  this  case  also  may  be  attributed  to 
diminished  oxidation. 

It  would  be  of  interest,  with  a  view  to  throwing  some  light  on  the 
mode  of  action  of  iron,  to  compare  the  metabolism  under  non-toxic 
subcutaneous  doses  with  that  under  similar  doses  of  phosphorus  and 
arsenic. 
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D.— MERCURY,  URANIUM,  CHROMIUM,  CANTHARIDES. 

These  poisons  are  grouped  together  merely  because  they  produce 
certain  symptoms  in  common,  such  as  fatty  changes  in  the  organs, 
nephritis,  disappearance  of  glycogen,  and  regular  glycosuria,  without 
such  clear  proof  of  a  preceding  hyperglycsemia  as  can  be  obtained  with 
other  poisons. 

The  nephritis  and  glycosuria,  which  cure  prominent  symptoms,  dis- 
tinguish this  group  from  that  of  phosphorus,  arsenic,  and  antimony,  in 
which  they  are  insignificant.  It  cannot  definitely  be  decided  whether 
differences  also  exist  in  the  protein  metabolism. 


1.  Mercury. 

The  action  of  very  small  doses  is  analogous  to  that  of  arsenic  and 
phosphorus — increase  in  fatty  tissue  and  the  production  of  erythrocytes. 
This  has  been  observed  in  oats,  dogs,  and  fowls,  in  which  very  small 
doses  of  sublimate  were  given  for  months  (1).  The  increased  blood 
formation  has  been  observed  both  in  man  and  in  healthy  and  diseased 
animals  (2  to  9). 

In  starved  dogs  small  doses  of  sublimate  produce  no  alteration  in  the 
gaseous  interchange  (10)  or  in  the  protein  metabolism  (7,  11,  12).  Noel 
Paton,  however,  found  a  slight  rise  in  nitrogen  metabolism  in  a  dog  (13). 
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Mercury  must  be  given  in  large  dosee  to  produce  the  same  effect  on 
protein  metabolism  as  arsenic,  antimony,  and  phosphorus,  but  this  is 
impracticable,  as  the  intoxications  are  complicated  by  severe  nephritis 
and  albuminuria,  so  that  the  protein  metabolism  cannot  be  estiiiiated. 
Possibly  the  decreased  nitrogen  excretion  in  the  urine  once  observed  (14) 
was  due  to  a  retention  of  end-products  consequent  on  nephritis. 

Actually  a  large  increase  in  the  urea  (residual  nitrogen)  in  the  blood 
has  been  found,  amounting  twice  to  ten  times  the  normal,  as  occora, 
also,  with  other  bodies  which  produce  nephritis  (16  to  17).  The  increase 
in  nitrogen  in  the  blood  does  not  balance  the  decrease  in  the  urine,  so 
'  probably  some  is  retained  in  the  tissues.  Very  frequently — in  fact, 
almost  invariably — sugar  is  found  in  the  urine  (18  to  21).  This  is  due 
to  the  hyperglyc«Bmia,  which  has  been  found  in  a  high  degree  by 
Bichter  (22),  but  not  by  Ejssel  and  others  (23).  The  point  cannot  be 
certainly  decided.    There  is  always  a  marked  disappearance  of  glycogen. 

There  are  no  experiments  as  to  the  occurrence  of  lactic  acid  in  the 
urine.^ 

Special  changes  occur  in  the  blood  and  kidne3rs.  Li  distinction  to 
phosphorus  and  arsenic,  mercury  in  large  doses  is  an  intense  blood 
poison  (24,  26).  Noel  Paton  demonstrated  a  marked  diminution  in  the 
erythrocytes. 

The  kidne3rs  show  remarkable  deposits  of  lime  (27  to  29).  Experi- 
ments undertaken  to  explain  its  presence  showed  that  in  50  per  c«it. 
of  the  cases  there  was  an  absolute  increase  in  the  calcium  content  of  the 
kidne3rs,  whereas  the  blood  and  urine  were  practically  free  (30).  Provost 
states  that  he  has  found  a  slight  diminution  in  the  amount  of  calcium 
in  the  bones. 

Fatty  infiltration  of  the  organs  has  often  been  described. 

In  an  accurate  experiment  the  alkalinity  of  the  blood  was  found  to 
be  decreased  (26,  31). 

The  analogy  to  phosphorus-poisoning  consists  in  the  action  of  smaD 
doses  on  the  blood  formation  and  metabolism,  and  of  larger  doses  on  fatty 
changes,  disappearance  of  glycogen,  etc.  The  action  on  protein  meta- 
bolism is  apparently  anomalous  ;  if  it  could  be  determined  that  the  differ- 
ence is  only  quantitative,  mercury  would  have  to  be  removed  from  this 
group. 

The  specific  action  of  large  doses  is  on  the  kidneys,  the  erythrocytes, 
and  the  frequent  appearance  of  glycosuria. 
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2.  Uranium. 

According  to  Chittenden  and  Cummins  (1),  the  CO^  output  in  rabbits 
poisoned  with  uranium  is  somewhat  raised.  They  also  noticed  a  rise 
in  temperature.  SmaU  doses  in  dogs  have  no  effect ;  larger  ones  raise 
the  protein  metabolism — ^increase  of  N,  H^O^,  PjOj.  The  powerful 
action  of  uranium  on  the  kidneys  prevents  more  exact  estimations 
[Chittenden  and  Lambert  (2)].  These  observers  also  found  a  rapid 
disappearance  of  glycogen  in  rabbits.  Glycosuria  is  almost  invariable  ; 
as  it  does  not  occur  in  starving  animals,  it  cannot  be  placed  in  the  category 
of  phlorizin  glycosuria  (3  to  8).  Moreover,  hyperglycsBmia  is  found 
almost  without  exception  during,  and  not  before,  the  glycosuria  (10), 
the  figures  being  0-1791  to  0-261  per  cent.  [Meyner  (9)],  and  0-2  per 
cent.  [Fleckseder].      Animals  poisoned  with  uranium  differ,  too,  from 
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phloritinized  animalw,  as  in  these  the  hyperglycsmis  pefslsts  after 
extirpation  of  the  kidneys.  Fatty  changes  in  the  organs  have  been 
regularly  found.    Lactic  acid  has  not  been  noted  in  the  urine. 

3.  ChromlonL 

This  closely  resembles  uranium  in  producing  fatty  infiltration  in  the 
liTer  and  heart  (II),  but  not  in  the  kidneys ;  nephritis  and  glyoosuria 
are  almost  invariable  (12  to  15).  Hyperglyc«Bmia  does  not  occur  after 
extirpation  of  the  kidne3rs.  The  nephritis  of  chromium  prevents,  or 
diminishes,  the  glycosuria  produced  by  phlorizin  or  diuretin  (16,  17). 

4.  Cantharides. 

The  prominence  of  the  symptoms  of  nephritis  and  fatty  infiltration 
after  cantharides  accounts  for  its  inclusion  in  this  group.  With  regard 
to  the  nephritis,  it  has  been  shown  that  the  urine  is  alkaline  (18).  The 
immunity  of  certain  animals  to  this  poison  has  long  been  recognised. 
The  fatty  infilteition  is  said  to  affect  the  liver,  but  not  the  heart  (19) ; 
the  kidnejTs  contain  less  fat  (20).    All  these  organs  are  particularly  watery. 

Glycosuria  is  not  uncommon  in  rabbits  (21),  whereas  other  forms  of 
glycosuria  (phlorizin,  caffeine)  are  diminished  by  cantharides ;  hyper- 
glyciemia  has  not  been  recognised. 

6.  Lead,  Plattnum,  Copper,  ZHne. 

The  effect  of  these  very  unabsorbable  metals  on  metabolism  is  but 
little  'understood.  In  starved  rabbits  copper  raises  the  (X),  output 
[Chittenden  and  Cummins  (1)].  Small  doses  increase  the  blood  forma- 
tion in  ansBmia  (22,  23),  and  the  same  has  been  observed  in  healthy 
animals  (6),  though  not  invariably  (25,  26). 

Zinc  is  said  to  have  a  therapeutic  value  as  a  blood-forming  substance 
(27,  28),  but  experiments  on  rats  have  only  yielded  negative  results. 
Severe  chronic  poisoning  with  lead  frequently  produces  anasmia  (28). 
The  erjrthrocytes  are  destroyed  and  the  urinary  urobilin  increased. 

Acute  poisoning  by  subcutaneous  injection  of  lead  decreases  the 
CO,  expired  (31),  and  also  that  of  the  blood  (32).  The  latter  fact  has 
also  been  observed  with  platinum  and  copper  (SiO).  These  two  metab 
also  decrease  considerably  the  oxidation  of  benzol  to  phenol  (34). 

The  protein  metabolism  in  chronic  lead-poisoning  in  man  has  often 
been  investigated,  but  not  under  wholly  unexceptionable  conditions. 
Sometimes  a  considerable  rise  has  been  noted  (36),  but  this  has  not  heexi 
confirmed  by  further  observations  on  sheep  (37),  dogs  (38),  and  men  (39). 
A  diminution  in  urinary  nitrogen  has  been  stated  to  be  the  usual  occur- 
rence by  Bucco  and  others  (40  to  43),  but  Ootze  states  that  it  is  increased 
during  the  attack.  It  may  be  taken  as  certain  that  in  the  presence  of 
certain  predisposing  conditions  lead  conduces  to  the  development  of 
gout  (36).  Changes  in  the  urea  output  in  dogs  poisoned  by  lead  have 
not  been  noted.  Alimentary  glycosuria  is  easily  set  up  (eleven  times  in 
twenty-one  cases)  (24). 


/ 


DRUGS  AND  POISONS  1145 


UTERATURE. 

1.  Chittandek  and  Cuiocins:  Eiofl.  einiger  organ,  and  anorganischer  Stoffe 
auf  den  GaBweohseL    Ma.     17.    942.     1887. 

2.  Ghittbndsn  and  Lambebt:  Untersuohungen  iiber  die  physiologisohe  Wir- 
kung  der  Uransalze.    Z.  B.    26.    613.     1888. 

3.  LAoontb:  B^sam6  des  exp^r.  sur  I'ac^tate  d'uraniam.    Q.  m.  P.     1864. 
196. 

4.  WoBOSOHii^KY :  Ueber  die  physiol.  Wirk.  des  Urans.    Diss.     Dorpat,  1889. 

5.  GiiTDiosANDBBA  :  Ueber  die  hamatogene  Wirk.  dee  Kupfers.    P.     1900.    23. 

6.  Flboksxder:  Ueber  Hydrops  iind  Glykosurie  bei  Uranvergiftnng.    E.  A. 
5e.    63.     1906. 

7.  Cabtivb  :  Glycosuries  toxiques.    Thdae  de  Paris.     1891. 

8.  LiPiNB :  Les  ghrcosuries  toxiques.    Ar.  m.  ex.     16.     129.     1903. 

9.  Mbynbr  :  Der  Kohlenhydratverbrauoh  bei  Uranvergiftung.     Diss.    Wiirzb., 
1898. 

10.  LIbfinb  bt  Boitlud  :  Ueber  die  Abwesenheit  von  Hyperglykamie  bei  Uranyl- 
vergiftung.    Re.  m.     1904.    H.  1-3. 

11.  RosBNTBLD :  tlber  Organverfettungen.     E.  A.     66.     179.     1906. 

12.  Kossa:  Ghromsaurediabetes.     Ar.  P.  M.     88.    627.     1902. 

13.  Lohb:  Akater  Ghromvergift.  mit  spontaner  Glykosurie.    B.  k.   W.    41. 
749.     1904. 

14.  R()sslb:  Wirk.  der  Ghromsaure.     D.  Ar.  M.     76.    569.     1904. 
16.  Pal  :  Glykosurie  bei  Chromvergiftung.     W.  m.  W.     1902.    846. 

16.  Hbujn  u.  Sfibo  :  Ueber  Diurese.    E.  A.     88.    368.     1897. 

17.  Rightbb:  t^ber  die  Beziehungen  zwischen  Nieren  und  Glykosurie.    Z.  M. 
41.    160.     1900. 

18.  Elungbb:   Beziehungen  zwischen  der  Giftwirk.  des  Kantharidins  auf  die 
Nieren  und  dest  Reaktion  des  Hams.    Md.  m.  W.     1906.    Nr.  8. 

19.  ROSBNTBLD  :   1.0.  (11). 

20.  Rosenthal  :  Fettbildung.    D.  Ar.  M.    78.    94.     1903. 

21.  RiOHTBB :  Zur  Frage  des  Nierendiabetes.    D.  m.  W.     1899.    Nr.  61. 

22.  Cbrvbllo  u.  Barabini  :  cit.  by  Wolf  (26). 

23.  Cbrvbllo  u.  Soabpinato  :  cit.  by  Wolf  (26). 

24.  Rosbnbbbo  :  Ueber  das  Vorkommen  der  aliment.  Glykosurie  bei  Gesunden 
sowie  bei  einigen  Intoxikationen.     Diss.    Berl.,  1897. 

26.  Iliasohbff  :  Ueber  den  Einfl.  der  Salze  versohiedener  Schwermetalle  auf  die 
morph.  Zusammensetz.  des  Blutes,  eto.    Ma.     81.    266.     1901. 

26.  Wolf  :  Ueber  den  Einfl.  von  Kupfer-  und  Zinksalzen  auf  die  Hamoglobin- 
bild.     Z.  p.C.     26.    442.     1898. 

27.  Savooa:  cit.  by  Wolf  (26). 

28.  GbahA  :  Ueber  die  Einwirk.  von  Zink  und  seiner  Salze  auf  das  Blut  und  den 
Blutfarbsto£F.    A.  D.     1898. 

29.  Galbt  :  Ueber  den  Bleisaum  und  die  Ver&nderung  des  Blutes  bei  Bleiver- 
giftung.     La  clinique.     18.    281.     1904. 

30.  Mbtbb  :  t^ber  die  Alkaleszenz  des  Blutes.    E.  A     17.    304.     1883. 

31.  LucHSiNGBB  u.  Hbss  :  ToxikoL  Beitrage.    Ar.  P.  M.     86.    174.     1884. 

32.  Pbtbon  :  tJber  die  Schwankungen  der  respirat.  Slapazit&t  des  Blutes,  etc. 
C.r.  S.  B.     48.    836.     1891. 

33.  Bbunbllb  :  Ueber  alimentaie  Glykosurie  bei  Bleikolik.    Ar.  g.  m.     1894. 
688. 

34.  Nbnoki  u.  N.  Sibbbb:  Ueber  eine  neue  Methode  die  phys.  Oxydation  zu 
messen.     Ar.  P.  M.     81.    319.     1883. 

36.  MiNKOWBKi :  Die  Gioht.     1903. 

36.  GOrasB :  Die  Bleivergiftung.    V.  W.  G.    22.    8.     1893. 

37.  Ellbnbbbgeb  u.  Hoficbistbb:  Zur  physiol.  Wirk.  und  Deposition  der 
Bleisalze  beim  Weiderkauer.     Arch.  f.  Wlss.  Tiwk.     10.    3.     1883. 

38.  Lt^THJB :  Ueber  Bleigicht  und  den  Einfl.  der  Bleiintoxikation  auf  die  Ham- 
■anreaussch.     Z.  M.     29.     266 ;  81.     112.     1896. 

39.  SvBMONT  BT  Bbunbllb  :  Uber  die  N-Aussch.  bei  Bleikolik.    Ar.  g.  m. 
1894.     184. 


1146  THE  PATHOLOGY  OP  METABOLISM 

40.  Bnooo :  CSuoq.  BleiTergiftaiig,  Glykosorie,  Hanuanie  and  oxak.  Diathese. 
Ma.     1900.    881. 

41.  BoucHA&D :  C.  r.  S.  B.    1878.    271. 

42.  CoMBKM ALS  XT  HuBHONT :  Uebcr  die  Aoasch.  des  Stickstofb  im  Ham  bei 
BleikoUk.    C.  r.  S.  B.    48.    473.     1890. 

43.  Gauohsb  :  Re.  m.    1881.    877. 


VI.— NARCOTICS  AND  HYPNOTICS. 

Under  this  heading  come  a  large  aeries  of  bodies  of  very  different 
chemical  constitution  which  have  in  common  the  power  of  influencing 
the  central  nervous  system  in  various  wajrs  by  means  of  certain  physico- 
chemical  properties  (10) ;  the  resultant  condition  of  narcosLs  changes 
the  amount  of  oxidation  to  a  definite  degree. 

Besides  this,  there  are  certain  quantitative  and  qualitative  changes 
in  metabolism  which  depend,  not  on  the  narcosis  as  such,  but  on  par- 
ticular properties  of  the  narcotics.  These  will  be  dealt  with  after  the 
changes  due  to  narcosis  itself  have  been  considered. 


A.— EFFECTS  OF  NARCOSIS. 

1.  Gaseous  Metabolism. 

In  deep  narcosis,  oxidation  processes  are  quantitatively  diminished 
as  during  sleep,  only  more  markedly.  This  is  the  invariable  result  of 
animal  experiments  (no  observations  on  man  are  known  to  me)  with 
all  narcotics  and  all  methods  of  estimation.  The  oxygen  intake  and 
carbonic  acid  output  have  been  investigated  for  chloral  (1,  2),  paralde- 
hyde (3),  chloroform,  alcohol  and  ether  (1),  and  moiphine  (1,  5  to  8), 
and  the  CO^  when  oxygen  was  simultaneously  administered  (9,  12). 

The  unanimity  of  the  results  renders  it  unnecessary  to  consider  the 
individual  experiments,  which  are  not  all  of  the  same  value.  The 
decrease  in  oxidation  is  shown  by  the  fall  of  temperature  during  narcosis, 
as  well  as  by  the  gas  analyses ;  in  man,  the  former  in  ordinary  narcosis 
may  reach  0-3^  to  1*0°  C.  It  is  due  to  the  fact  that,  owing  to  paralysis 
of  the  thermotaxic  centre  (11),  the  increased  loss  of  heat  from  the  surface 
of  the  body  (due  to  vaso-dilatation)  is  not  compensated  by  increased  heat 
production.  The  question  whether  narcotics  in  general  directly  decrease 
oxidation  is  still  open.  Bumpf  denied  it  on  the  very  inadequate  ground 
that  in  vitro  the  oxygen  disappears  from  the  blood  equally  rapidly  with 
or  without  the  addition  of  an  anaesthetic.  It  may  be  said,  in  view  of 
prevalent  ideas  on  narcosis,  that,  since  it  is  produced  by  an  interaction 
between  the  narcotic  and  the  cell  lipoid,  it  must  set  up  some  damage  in 
the  direction  of  diminished  oxidation  in  all  cells  in  which  the  lipoid  forms 
part  of  the  centre  of  metabolic  activity.  However,  we  do  not  know 
where  this  takes  place,  except  that  it  is  in  the  central  nervous  system. 
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2.  Oxidation  of  Carbohydrates. 


Nebelthau  (17),  in  a  very  careful  research  on  the  influence  of  certain 
narcotics  on  the  glycogen  content  of  the  Uver  and  muscles,  showed  that 
carbohydrates  share  in  the  general  diminution  of  oxidizing  processes, 
a  fact  which  had  previously  only  been  established  by  unreliable  methods 
(18).  He  estimated  the  glycogen  content  in  the  Uver  and  muscles  of 
narcotized  animals  which  had  previously  been  starved.  Ten  rabbits, 
after  six  days'  starvation,  had  0*1  to  0*3  gramme  of  glycogen ;  two 
animals  on  this  day  were  given  1*2  to  2'3  grammes  of  chloral.  In  twenty- 
four  hours  the  glycogen  content  in  their  hvers  was  from  0-4  to  1*0  gramme, 
and  consequently  larger  than  the  controls.  Numerous  similar  experi- 
ments on  fowls  gave  similar  results.  After  four  to  six  days'  fast,  the 
glycogen  content  of  the  liver  varied  between  0-02  and  0-14  gramme 
(maximum  error,  1  per  cent.),  of  the  muscles  between  0-03  and 
1*8  grammes.  On  the  sixth  day,  chloral,  paraldehyde,  chloroform, 
ether,  alcohol,  sulphonal,  or  urethane,  were  given  till  sleep  ensued.  The 
glycogen  content  invariably  rose  far  above  the  maximum  found  in  the 
controls,  reaching  1-7  to  3-1  grammes.  These  experiments  are  free  from 
the  objection  that  glycogen  may  be  formed  during  starvation,  as  it  is 
used  up  again  under  normal  conditions,  so  that  only  traces  are  usually 
found. 

If,  however,  the  amount  used  up  is  diminished — for  instance,  through 
decreased  muscular  or  glandular  activity,  due  to  the  failure  of  central 
stimulation  in  narcosis — an  accumulation  occurs.  That  this  view  is 
correct  is  seen  by  the  fact  that  Nebelthau  (20)  found  increased  glycogen 
in  starved  animals  after  section  of  the  spinal  cord.  Here,  too,  may  be 
mentioned  the  fact  that  chloral  prevents  glycosuria  when  the  fourth 
ventricle  is  punctured  (20).  This  is  because  the  narcotized  brain  is  not 
affected  by  the  stimulus  of  the  puncture,  and  does  not,  therefore,  pass  it 
on.  Chloral  fails  to  control  the  glycosuria  of  CO-poisoning.  In  man 
it  has  seldom  been  tried,  and  the  results  are  not  uniform,  because  an 
efficient  dose  cannot  be  given  without  harm,  or  because  the  glycosuria 
is  otherwise  produced  (21).  Opium  or  morphine  are  the  only  narcotics 
which  will  act  in  this  way,  and  then  only  in  certain  cases.  Bichter  (23), 
from  animal  experiments  which  await  confirmation,  considers  that  this 
action  is  similar  to  that  just  described  for  chloral. 


B.— SPECIAL  EFFECTS  OF  INDIVIDUAL  NARCOTICS. 

These  effects,  which  can  be  obtained  alone  by  means  of  non-narcotic 
doses,  are  now  to  be  considered,  though  some — ^for  instance,  those  of 
the  halogen  narcotics — ^more  properly  belong  to  other  groups. 
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1.  Chloroform,  Chloral  Hydrate,  Chloralose. 

It  is  possible  that  chloroform  directly  decreases  oxidation,  as  a  faU 
in  temperature  occurs  in  animals  when  heat  loss  from  the  skin  is  pre- 
vented. Sometimes  it  may  be  due  to  the  relaxation  of  muscular  tone. 
It  has  also  been  shown  that  with  chloroform  narcosis,  but  not  with 
ether,  less  benzol  than  normal  is  oxidized  to  phenol  (14,  15).  Although 
the  explanation  of  this  is  not  clear,  the  specific  non-narcotic  effects  of 
chloroform  have  been  well  established  by  numerous  observations  (79). 

(a)  Protein  Metabolism. 

The  total  protein  metabolism  is  increased  during  chloroform  narcosis, 
as  shown  by  experiments  on  a  starved  dog  (30)  and  one  in  nitrogenous 
equilibrium  (31).  This  is  not  due  to  the  narcosis,  for  chloroform  water 
in  very  small,  non-narcotic  doses  gives  the  same  results  (31  to  35). 
Chloral  hydrate  acts  similarly  in  narcotic  and  in  smaller  doses  (31,  36  to 
38).  At  the  outset,  under  some  circumstances,  a  diminished  output  of 
nitrogen  may  occur,  but  this  is  by  no  means  a  usual  event  (32).  There 
is  only  one  somewhat  inadequate  research  on  the  influence  of  chloral- 
amide  [T.  Grordon  (39)].  Most  of  the  nitrogen  in  rabbits  is  excreted 
as  urea.  In  dogs  this  does  not  occur.  With  the  exception  of  an  insig- 
nificant increase  in  ammonia  excretion,  the  greater  part  appears  as  a 
special  body  which  contains  nitrogen  and  sulphur,  and  gives  no  biuret 
reaction  {vide  infra).  Dixon  (100)  states  that  most  of  the  nitrogen  is 
excreted  as  alloxuric  bodies. 

{b)  Excretion  of  Chlorides  and  Phosphorus. 

The  excretion  of  these  substances  shows  a  corresponding  increase 
to  that  of  the  nitrogen.  With  regard  to  the  former,  Kast  (41)  has  made 
the  important  observation  that  dogs  poor  in  chlorides  after  the  repeated 
administration  of  chloroform  showed  an  increased  output.  Perhaps 
this  was  a  secondary  effect  of  the  severe  general  damage  inflicted  on  the 
organism  by  the  repeated  narcosis,  to  which  the  loss  of  weight  also  was 
due.  Kast  does  not  consider  this  rise  in  chloride  excretion  analogous 
to  a  similar  observation  of  Forster's  (42)  on  animals  deprived  of  their 
chlorides  by  starvation.  At  the  same  time,  bilirubin  appears  in  the 
urine  in  dogs,  possibly  owing  to  a  breaking  down  of  blood-corpuscles 
which  has  often  been  observed  in  vitro,  but  seldom  in  vivo.  Urobilin 
is  present  in  fair  amount  in  the  urine  of  men  three  to  four  days  after 
chloroform  narcosis  without  the  occurrence  of  any  loss  of  blood 
elements  (44). 

(c)  The  Excretion  of  Stdphur. 

The  total  sulphur  excretion  is  increased  in  correspondence  with  the 
protein  (34  to  38,  69).     Either  immediately  or  after  a  few  days  a  change 
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Ui  its  composition  occurs,  the  unozidized  sulphur  increasing  considerably 
at  the  expense  of  the^sulphates  (chloral  hydrate  and  chlorofonn  in  man 
and  dogs).    Kast  and  Mester's  figures  are  very  instructive  : 

PXBOENTAOB  Of  UnOZIDIZBD  SuLPHITB  IN  THB  TOTAL  EXGBETID. 

Before  Narcosis.                                                    After  Narcosis. 
12-5 20-8 


16*6 
14-9 
10-4 


30-8 
32*2 
20-0 


The  percentage  of  unoxidized  sulphur  varies  between  15  and  18 
(60  to  62).  Observations  for  longer  periods  show  that  the  difference 
tends  to  disappear.  The  explanation  of  this  depends  on  the  conception 
we  form  of  the  origin  and  significance  of  the  neutral  sulphur.  Only  the 
first  steps  towards  an  experimental  basis  for  the  various  phenomena 
have  been  made ;  practically  all  the  work  on  this  subject  remains  to 
be  done  by  future  investigators.  Some  have  considered  the  neutral 
sulphur  as  a  forerunner  of  the  oxidized,  and  its  increase  as  the  symptom 
of  a  general  diminution  of  the  power  of  oxidation  in  the  organism.  As 
this  disability  was  not  observed  in  dogs  after  administration  of  amylene 
hydrate,  Hamack  considered  the  CI  in  the  halogen  bodies  as  responsible, 
and  proved  the  correctness  of  the  assumption  by  giving  a  combination  of 
chloral  and  alkali,  hoping  by  means  of  the  latter  to  neutraUze  the  chlorine 
which  would  eventually  be  Uberated  in  the  body.  Sodium  carbonate, 
when  administered  alone,  produced  no  change  in  the  composition  of 
the  sulphur — ^this  was  in  contradiction  to  the  results  of  simUar  experi- 
ments by  Jawein  (63)  and  Ken  Taniguti,  who,  however,  used  much 
larger  quantities  of  alkali — ^and  in  combination  with  chloral  hydrate 
the  same  effect  was  obtained.  The  figures,  however,  varied  so  much 
for  individual  days  and  for  longer  periods  that  it  is  impossible  to  con- 
sider Hamack's  results  as  final.  Benedikt  put  forward  another  view. 
As  a  result  of  a  number  of  very  careful  experiments  on  men,  and  a  critical 
estimate  of  the  available  data,  he  considered  it  very  probable  that 
normally  the  unoxidized  sulphur  is  not  usually  the  antecedent  of  the 
sulphates  (or  only  to  a  slight  extent),  and  that  the  amount  excreted  is, 
in  contradistinction  to  that  of  the  latter,  comparatively  constant,  and 
does  not  depend  on  that  of  the  urea  any  more  than  does  the  excretion 
of  uric  acid.  He  came  to  this  conclusion  from  the  fact  that  the  increckse 
of  unoxidized  sulphur  is  usually  given  in  percentages,  and  does  not  denote 
an  absolute  amount.  Thus,  a  relative  increase  in  the  unoxidized  sulphur, 
with  unchanged  total  sulphur  excretion,  only  shows  a  diminution  in  the 
formation  of  sulphates  and  of  protein  metabolism,  not  a  general  decrease 
in  oxidation  processes.  These  two  latter  processes  do  not  by  any  means 
run  parallel  to  one  another.  Diminished  fat  katabolism  alone  can  lead 
to  an  absolute  increase  in  neutral  sulphur  at  the  expense  of  the  sulphates, 
just  as  decreased  carbohydrate  katabolism  leads  to  the  formation  of 
acetone  ;  increased  fat  katabolism,  on  the  other  hand,  leads  to  a  decrease 
in  the  neutral  sulphur  (624).  Hence  the  increase  in  the  neutral  sulphur 
after  the  halogen  narcotics — ^which  is  an  absolute  increase — ^must  be  due 
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to  diminished  oxidation  of  fate.  That  this  occurs  in  narcosis  seems 
indubitable  in  view  of  our  general  knowledge  of  the  oxidation  processes. 
The  results  of  the  investigations  so  far  carried  out  do  not  definitely 
indicate  whether  the  decreased  oxidation  of  fat,  or  the  generally 
diminished  oxidative  power,  is  actually  the  cause  of  increased  excretion 
of  sulphates,  or  whether  there  is  some  other  entirely  different  reason  tor 
this  phenomenon. 

It  is  also  undecided  whether  the  neutral  sulphur  is  in  the  same  form 
as  that  found  in  normal  urine.  Hamack  (56)  has  isolated  a  substance 
from  the  urine  of  dogs  fed  upon  meat,  after  the  exhibition  of  chloral 
hydrate,  similar  to  that  which  is  met  with  after  phosphorus-poisoning. 
The  only  characteristics  of  this  body  are  that  it  la  precipitated  by  phospho- 
tungstic  acid,  contains  sulphur  and  nitrogen,  and  gives  a  characteristic 
smell  on  dry  distillation.  After  chloroform  narcosis  in  man  a  sulphur- 
containing  body  has  also  been  isolated,  which  is  normally  present  in  very 
small  quantities  or  not  at  all.  This  substance  has  not  been  obtained  in 
a  pure  state.  Urine  treated  with  10  per  cent,  caustic  soda  at  100°  C. 
gave  a  deep  black  in  the  presence  of  lead,  but  the  sulphur  could  not  be 
separated  even  after  several  hours'  boiling.  Here,  again,  is  a  wide  field 
for  future  investigators. 

{d)  Acidity  of  the  Urine. 

Titration  with  alkalis  showed  a  high  degree  of  acidity  [Kast  and 
Mester]. 
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Lactic  and  oxybutyric  acids  could  not  be  recognised. 
Probably  there  is  an  increase  in  volatile  fatty  acids,  which  has  been 
shown  to  occur  at  any  rate  after  alcohol  narcosis  [Thomas]. 

(e)  Olycoauria. 

Although,  as  a  rule,  in  narcosis  the  carbohydrate  metabolism  is 
decreased,  occasionally — especially  after  chloroform — ^there  is  a  sudden 
clearing  out  of  the  glycogen  depots  (19),  and  the  consequent  hyper- 
glycemia (58)  is  followed  by  glycosuria  (56,  57).  After  chloral,  sugar 
only  appears  in  the  urine  when  the  dosage  is  large  (59).  The  cause  of 
the  glycogenic  change  is  probably  in  some  cases  a  diminished  oxygen 
supply,  due  to  shallow  breathing  and  poor  circulation.  Manchot's 
observation  that  chloralamide  is  occasionally  the  cause  of  a  sort  of 
diabetes  in  man  is  explained  by  Naunyn  (72). 

An  alimentary  glycosuria  is  comparatively  easily  produced  after 
chloroform  narcosis  (80). 

(/)  Acetanuria. 

Acetone  often  occurs  in  the  urine  almost  immediately  after  the 
chloroform  administration,  and  in  diabetes  occasionally  coma  super- 


DRUGS  AND  POISONS 


1151 


venee  (91  to  03).  Attention  was  first  called  in  England  to  cases  of 
"  delayed  chloroform-poisoning  "  by  Outhrie  (94)  in  1894,  who  reported 
nine  cases ;  and  Becker  (91)  in  the  following  year  reported  similar  cases 
in  which  acetone  was  found  to  be  present  in  the  urine.  The  main  features 
of  the  reported  cases  are  advanced  fatty  changes  in  the  Uver,  heart,  and 
kidneys,  the  presence  of  acetone  in  the  urine,  and  death  occurring  some 
hours  or  days  after  the  administration  of  chloroform.  The  amount  of 
ansBsthetic  administered  has  not  in  all  cases  appeared  to  influence  the 
severity  of  the  condition.  Guthrie  believes  that  there  is  generally  an 
antecedent  degeneration  in  the  liver.  An  exhaustive  account  of  this 
condition  was  given  by  Stiles  and  Macdonald  (95)  in  1904,  and  cases 
have  since  been  noted  by  Hubbard  (96),  Brackett,  Stone,  and  Low  (97) 
in  America,  and  by  Beesly  (98),  and  Telford  and  Falconer  (99)  in  this 
country. 

Beesly  finds  that  both  chloroform  and  ether  produce  a  temporckry 
acute  acetonuria,  that  produced  by  ether  being  less  likely  to  produce 
symptoms  of  acidosis  and  death,  owing  to  the  fact  that  the  excretory 
power  of  the  kidney  is  undamaged.  Alkalis  mitigate  the  toxic  sjrmptoms. 
Acute  previous  acetonuria,  he  thinks,  adds  considerably  to  the  ri^  of  a 
fatal  result,  especially  when  the  ansBsthetic  is  chloroform. 

(g)  Alkalinity  of  the  Blood. 

In  a  dog  under  deep  chloroform  narcosis,  no  decrease  was  found  in 
the  amount  of  CO^  which  could  be  obtained  from  the  blood  by  extrac- 
tion (70),  but  the  alkalinity  to  titration  was  less  (60,  61).  The  cause  of 
this  striking  difiFerence  is  not  certain.  Possibly  owing  to  the  feeble 
respiration,  the  00^  tension  in  the  blood  and  tissues  is  increased,  and 
this  may  mask  the  normal  alkalinity  in  cases  of  chronic  acidosis ;  only 
then  it  is  remarkable  that  the  00^  content  is  not  changed.  Most  probably 
the  acidosis  is  also  the  cause  of  the  damage  to  the  er3rthrooytes,  as  shown 
by  the  presence  of  bilirubin  and  urobilin  (62). 

(h)  FaUy  Changes  in  the  Organs. 

A  single  chloroform  narcosis,  as  a  rule,  produces  intense  fatty  changes 
in  the  organs,  especially  in  the  heart  (43,  71)  and  its  ganglia  (45),  and  in 
the  liver  (46  to  48). 

Microscopically,  the  kidneys  appear  fatty,  but  chemical  analysis 
shows  no  increase  in  fat. 

Bubow's  analyses  give  the  following  composition  of  fats  : 


Ethereal  Extract. 

Lecithin, 

Fat. 

Normal  heart 

Chloroform  heart 

Percent. 
12-23 
13-48 
14-62 

PerCeut 
8-01 
8-60 
8-91 

Percent 
4-21 
4-88 
6-71 

VOL.  m. 
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The  fatty  change  is  not  dependent  on  the  naroosifl,  as  it  occora  aft^ 
small  subcutaneous  injections  (49). 

The  chemical  symptoms  of  chloroform-poisoning  are  tiios  very 
analogous  to  those  of  prussic  acid,  phosphorus,  and  tiie  poiaons  whicJi 
decrease  the  oxidative  power  of  the  cells.  It  is  veiy  desirable  Uiat 
lactic  acid  and  other  products  of  incomplete  oxidation  should  be  sought 
for  in  these  cases. 

2.  Ether  and  FMddehjfie. 

Narcotic  doses  do  not  influence  protein  metabolism.  The  alkalinity 
of  the  blood  has  been  thoroughly  studied  by  Thomas.  Subcutaneous 
injections  in  rabbits  do  not  influence  the  CO^  content.  Kraus's  case  of 
a  marked  fall  in  CO^  is  explained  by  Thomas  as  due  to  special  idiosyn- 
crasy. Inhalation  in  dogs  causes  a  rise  in  OO^  and  a  fall  in  O^,  the  alka- 
linity to  titration  remaining  unchanged.  Analyses  of  the  blood  gases 
in  man  are  in  complete  agreement  with  the  findings  in  animals. 


3.  Amylene  Hydrate. 

The  protein  metabolism  and  the  total  sulphur,  chlorine,  and  phos- 
phate excretion  dependent  thereon  are  considerably  decreased  by  large 
medicinal  doses  in  man  and  in  animals  (63).  The  cause  cannot  be 
decreased  absorption  of  food-stuffs.  No  change  in  composition  of  the 
sulphur  bodies  has  been  observed. 


4.  Sulphonal  and  TrionaL 

Schaumann's  (64)  careful  research  uxxon  himself  shows  that  large 
medicinal  doses  do  not  alter  protein  metabolism.  The  older  experiments 
on  dogs  are  inadequate  (65,  66).  Very  large  doses  eventually  produce 
disintegration  of  the  blood  and  the  appearance  of  haematoporphyrin, 
and  peculiar  pigments  in  the  urine  (73,  74).  Garrod  and  Hopkins 
were  unable  to  find  any  iron  in  the  urine  (78).  No  abnormal  coloration 
of  the  urine  occurs,  as  h»matoporphyrin  ia  present  as  a  chromogen. 
Careful  investigations  have  been  made  without  throwing  much  light  on 
this  phenomenon  (76  to  77). 


5.  Urethane. 

C!hittenden's   (67)  experiments  on  man  show  that  small  doses  of 
urethane  decrease  protein  metabolism,  large  ones  increase  it. 


6.  Veronal. 

Veronal  does  not  raise  the  protein  metabolism  (68).  The  experiments 
do  not  appear  to  me  to  show  any  nitrogen-sparing  effect,  especially  in 
the  absence  of  an  analysis  of  the  fseces. 
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7.  The  Morphine  Group. 

Two  experiments  on  men  showed  that  therapeutical  doses  of  morphine 
do  not  influence  the  gaseous  interchange  (22).  Experiments  on  animals 
with  morphine  (4),  codeine  phosphate  (24),  peronine,  and  dionine  (25), 
gave  varying  results  according  to  the  motor  conditions  produced.  There 
was  no  indication  of  a  primary  metabolic  disturbance. 

A  dog  in  nitrogenous  equilibrium  after  a  small  dose  showed  a  decrease 
of  protein  metabolism  of  about  6  per  cent.  (81).  Another  experiment 
in  which  the  dose  was  0-1  gramme  per  kilogramme  showed  a  remarkable 
increase  in  this  and  in  the  phosphorus  excretion,  both  when  the  dogs 
were  in  nitrogenous  equilibrium  and  when  they  were  starved  (about 
100  per  cent,  in  this  case)  (82).  A  rapid  disappearance  of  glycogen  has 
been  observed. 

Glycosuria  may  apjpear  in  severe  cases  where  the  oxygen  supply  is 
interfered  with.  It  has  been  compared  to  the  asphyxial  glycosuria,  but 
possibly  there  is  another  connection.  Alimentary  glycosuria  is  easily 
produced  in  morphine-takers  (80).  In  cases  of  chronic  poisoning  severe 
nutritional  disturbances  occur.  Apparently  these  changes  are  not 
mainly  due  to  a  direct  influence  of  the  poison  on  metabolism,  but  are 
secondary,  smd  due  to  the  anorexia  produced  by  gastro-intestinal  derange- 
ments (83). 

8.  Alcohol 

As  the  changes  in  the  poisons  introduced  into  the  body  will  not  be 
dealt  with  in  this  part  of  the  work,  the  discussion  on  the  influence  of 
alcohol  on  gaseous  and  protein  metabolism  has  been  relegated  to  the 
physiology  of  metabolism. 

The  glycosuria  which  occasionally  follows  the  use  of  alcohol  is  un- 
connected with  its  action  as  a  fuel ;  at  any  rate,  in  the  case  of  spirits  it 
must  be  referred  to  the  alcohol  itself  independently  of  any  concomitant 
ingestion  of  large  amounts  of  carbohydrate  (84,  85). 

It  IB  observed  apart  from  inebriety.  We  must  distinguish  from  this 
form  the  alimentary  glycosuria  (87),  which  is  the  sequel  of  intoxication, 
and  is  specially  connected  with  the  ingestion  of  starch  as  well  as  of  grape- 
sugar. 

There  ia  no  change  in  the  00^  in  the  blood  in  cats  (88),  or,  at  most, 
only  a  slight  temporary  rise  (?  retention) ;  in  rabbits,  a  similar  result 
occurs  when  the  intoxication  lasts  from  two  to  two  and  a  half  hours. 
After  longer  periods  there  is  a  marked  fall  in  the  COj.  The  cause  is 
acidosis.  A  marked  diminution  of  alkalinity  has  been  shown  by  titra- 
tion, presumably  due  to  volatile  fatty  acids. 

Severe  metabolic  disturbances  are  no  doubt  produced  by  chronic 
alcoholism,  but  the  existence  of  a  direct  action  on  the  cells  is  shown  by 
the  occurrence  of  profound  anatomical  changes.  We  cannot  at  present 
define  these  metabolic  disturbances  further.  Obviously,  a  clear  line 
must  be  drawn  between  the  chronic  alcoholism  of  the  beer-drinker,  in 
which  there  is  frequently  ovemutrition,  and  the  simpler  form  following 
on  the  abuse  of  wine  and  spirits.    Many  recent  proofis  have  been  adduced 
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as  to  the  fatty  changes  in  the  organs  (89).  The  percentage  of  fat  in  the 
Uver  and  heart  of  starved  dogs  a  few  days  after  the  ingestion  of  alcohol 
is  increased  when  compared  with  the  controls.  In  the  liver  tiie  amonnt 
certainly  rises  above  the  normal  in  starvation.  The  fatty  liver  does 
not  occur  when  sugar  is  taken  after  the  alcohol.  No  fatty  change  was 
noted  after  two  days  of  alcohol  ingestion.  This  is  remarkable,  consider- 
ing the  opposite  result  which  followed  a  single  dose  of  chloroform. 

Very  accurate  estimations  have  been  made  of  the  alkalinity  of  the 
blood  in  experiments  on  chronic  alcoholism  in  rabbits.  Except  daring 
absolute  drunkenness,  the  amount  of  OO)  in  the  blood  remains  unaltered, 
even  after  several  weeks  of  alcohol.  This  is  also  true  of  cats.  The 
oxygen  content  is  decreased  {vide  infra). 

On  the  other  hand,  after  alcohol  had  been  given  for  a  month— even 
apart  from  intoxication — ^there  was  a  diminution  of  00^  in  the  blood. 
This  has  also  been  shown  to  occur  in  man  (90).  But  no  observer  has 
found  any  diminution  of  alkalinity  by  titration.  Hence  the  decrease 
in  CO2  must  depend  on  diminished  production,  or  on  an  abnormally  active 
ventilation  of  the  blood.  Against  the  occurrence  of  the  latter  alternative 
is  the  fact  that  the  O^  content  of  the  blood  is  not  merely  not  raised,  but 
is  abnormally  low.  There  is,  no  doubt,  as  a  rule,  a  dLninution  of  the 
number  of  erythrocytes  in  the  course  of  chronic  alcoholism,  whereby  the 
oxidative  capacity  of  the  cells  is  damaged,  but  no  certain  cause  can  be 
assigned  for  the  diminution  of  the  CO). 

Experiments  on  the  alimentary  glycosuria  of  spirit-drinkers  have 
shown  that  this  is  only  recognisable  during  the  first  three  days — ^in  one 
case  during  the  first  week — after  the  end  of  the  intoxication.  Later  than 
this  it  occurs  no  more  easily  than  in  healthy  men.  Thus  chronic  alco- 
holism, unlike  some  disorders  in  this  respect,  has  no  specific  action  on 
carbohydrate  metabolism.  The  feeding  with  carbohydrates  for  long 
periods  makes  no  difference.  The  use  of  alcohol  usually  appears  to  exert 
no  specific  influence  on  the  production  or  the  course  of  diabetes. 

Salant  (101)  could  not  find  that  alcohol  exercised  any  sparing  effect 
on  the  hepatic  glycogen,  and  large  amounts  seemed  to  hasten  its  dis- 
appearance, but  only  after  the  stage  of  intoxication  was  passed.  The 
doses  given  were  high — 12  to  15  c.c.  60  per  cent,  alcohol  per  kilogramme 
in  some  cases. 
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Vn.— ANTIPYRIN. 

Experiments  on  the  respiratory  interchange  in  man  and  in  rabbits 
show  no  alteration,  but  only  a  general  fall  in  gaseous  metabolism  (1  to  5). 
The  trustworthy  figures  of  Liepert  and  Riethus  may  be  tabulated  as 
follows  (2  to  3  grammes  antipyrin)  : 


Cast. 

WUhotU  ArUipyrin. 

With  AiUifnfrin. 

02.» 

C0J8.1 

Reapbm. 

tory 
Quotient 

o» 

00^ 

tory 
Quottent 

Subject  K.      . . 
Average 

U-4 
144 

3-4 
3-2 
3-2 

0-83 
0-73 
0-73 

Decrease 

3-7 
4-2 
4-2 

2-6 
2-8 
2-9 

0-70 
0-67 
0-G9 

4-3 

3-3 

0-76 

4-0 
7% 

2-8 
15% 

0-69 
9% 

Subject  G.      . . 
Average 

/3-7 
\3-7 

2-9 
2-9 

0-78 
0-78 

Decrease 

3-8 
3-4 

2-9 
2-7 

0-76 
0-78 

3-7 

2*9 

0-78 

3-6 
3% 

2-8 

4% 

0-77 
2% 

Subject  R.      . . 
Average 

r3'6 

3-7 

i3-8 

2-9 
30 
30 

0-81 
0-81 
0-79 

Decrease 

3-6 

2^7 
2-6 

0-76 
0-70 

3-7 

30 

0-80 

3-6 

3% 

2-6 
13% 

0-73 
10% 

^  Calculated  in  c.c.  per  kilogramme  per  minute. 
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In  a  case  of  erysipelas  similar  reeulta  were  obtained. 


WUhcut  AiUipyHn. 

If  tM  AnHnrin. 

Of 

oo» 

lUqilntory 

<V 

«^       ^3SSS7 

60 

3-9 

0-79 

DeoreMe   .. 

4-4 

3-2                0-73         • 

16% 

18%       .         8% 

The  temperature  in  these  experiments  remained  unaltered. 

Although  these  experiments  do  not  point  to  any  increased  heat 
formation,  calorimetric  researches  on  rabbits  at  medium  external  ton- 
peratures  show  that  there  is  a  marked  increase,  calculated  by  comparison 
of  the  directly  estimated  heat  loss  and  the  body  temperature,  which  takes 
place  whether  the  body  temperature  remains  unchanged  or  falls  sli^tly 
(7  to  10).  In  guinea-pigs  the  heat  production  remained  g^ierally 
unchanged,  but  with  a  tendency  towards  a  slight  decrease. 

Riethus*s  results  in  man  are  as  foUows  : 


DifacMe. 

WUkoml  AfUipyrin, 

Wiih  AtUip^n. 

o>. 

OOfr 

4-2 
41 
61 
3-8 
3-4 
4-1 
4-6 

BMplimtonr 

Of. 

oo>. 

(2)  \\ 

(3)  .. 

w  .. 

(6)   .. 

6-2 
6-0 
61 
4-7 
4-8 
6-3 
7-3 

0-67 
0-70 
0-83 
0-81 
0-71 
0-77 
0-71 

60^ 

6-6-7 

6-6-7 

41-9 

3-6-16 

61-4 

6-8-8 

3-8-10 

3-6-10 

6-0-2 

3-4-10 

2-4-30 

3-9-6 

4-0-10 

0-61 

0-64 

0-77 

0-83 

0-861 

0-76 

0-69 

Similar  results  have  been  obtained  in  rabbits  with  pyrexia. 

Calorimetric  observations  on  dogs  and  rabbits  whose  temperature 
had  been  raised  by  puncture  of  the  brain  showed  regularly  an  increased 
heat  production  (11).  Infected  rabbits  and  guinea-pigs  did  not  give 
such  clear  results,  as,  owing  to  the  continued  fever,  the  heat  production 
rose,  or  sometimes  remained  constant,  or  sank.  The  latter  usually  occurs 
in  guinea-pigs. 

Experiments  on  the  respiratory  interchange  in  man  under  the  influ- 
ence of  antipyrin  show  sometimes  a  transient  fall  in  the  oxygen  intake 
(3  to  15  per  cent.),  and  a  much  greater  CO^  output  (2  to  30  per  cent.) 
in  normal  men,  and  in  those  with  pyrexia.  Calorimetric  experiments 
show  an  increased  heat  production  in  rabbits  after  puncture  of  the 
corpus  striatum,  and  usually  after  infection. 

The  question  then  arises  as  to  why  the  CO^  output  in  man  is  so  much 

1  Symptoms  of  poisoniog. 
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more  increased  than  the  oxygen  intake.  This  cannot  be  determined 
with  certainty,  but  apparently  the  antipyrin  damages  the  respiratory 
mechanism.  Decreased  respiratory  activity  causes  diminished  COg 
excretion,  owing  to  the  impaired  ventilation  of  the  blood.  The  following 
table  from  liepelt's  experiments  shows  how  antipyrin  affects  the  respi- 
ration : 


Case. 

Without  AnUpyrin, 

WiihlAfUipyrin. 

Frequency. 

Amount  per 
Minute. 

Frequency. 

Amount  per  IClnuto. 

Decrease. 

Subject  K.    .. 
Subject  G.    .. 
Subject  B.    . . 

18 
13 
19 

ce. 
6,023 
5.881 
5,331 

16-5 
14-0 
180 

CO. 

5.302-7,218 
5.632-1,497 
4,692-^.398 

Percent. 

17 

4 

12 

A  further  question  crops  up  regarding  the  want  of  agreement  between 
the  respiration  experiments  on  man  and  the  calorimetric  experiments  on 
rabbits.  Whereas  in  the  first  case  the  heat  production  is  unchanged,  or 
slightly  decreased,  it  is,  in  the  majority  of  the  experiments,  found  to  be 
increased  in  the  latter.  The  determination  of  this  point  is  connected 
with  the  cause  of  the  fall  in  gaseous  interchange  in  the  one  case  and  the 
increased  heat  formation  in  the  other. 

The  decreased  gaseous  interchange  in  man  may  be  due  to^ 

1.  A  primary  inhibitory  action  on  metabolism  similar  to  that  of 
quinine. 

\   |2.  A  thermotaxic  action,  due  to  some  power  of  decreasing  heat 
production. 

3.  The  narcotic  action,  with  consequent  decrease  in  functional 
activity. 

1.  This  is  excluded  by  the  results  of  animal  experiments.  In 
dogs  and  rabbits,  if  the  cord  is  cut  high  up  to  hinder  heat  loss  (12,  13), 
or  even  without  this  (14),  a  rise  of  temperature  is  not  reduced  by  anti- 
pyrin as  it  is  by  quinine.  Hiqb,  to  a  certain  extent,  a  direct  action  of 
antipyrin  on  metabohsm  is  disproved. 

2.  In  the  collected  calorimetric  observations  the  heat  loss  is  regularly 
increased,  whatever  may  be  the  behaviour  of  the  temperature  or  heat 
production.  One  cause  at  least  is  the  dilatation  of  the  cutaneous  vessels 
produced  by  antipyrin  (16  to  18).  Interference  with  the  thermotaxic 
centre  would  produce  an  increase,  and  not  a  slight  decrease,  of  heat 
production. 

3.  After  2*3  grammes  of  soitipyrin,  weariness,  lassitude,  and  a  desire 
for  sleep  are  observed — symptoms  of  its  narcotic  action.  The  influence 
on  respiration  corresponds  to  this.  We  may  compare  the  diminution  in 
oxidation  here  noted  with  that  following  on  decreased  ventilation. 

There  are  various  different  quantitative  estimations  of  the  influence 
on  decreased  oxygen  intake  and  OOj  output,  as  is  shown  in  the  table 
on  p.  1160. 
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An  inoreaaed  ventilaticm  of  1,000  0.0.  per  minate  shows  an  increase 
of— 


^-W. 

Or 

COtr 

Sp6ok(19)        

Loew7(aO) 

Zonts  and  Schumburg 

ce. 

10 

/  3-7 

\ia-i5 

/  716 
\  7-22 

C.C 

25  (seldom  more). 

These  figures  show,  as  Loewy  has  abeady  noted,  that  increased 
respiration  inflaaaces  the  oxygen  intake  very  variously  in  different 
persons.  The  smallest  increase  was  about  2  o.c.  We  may  compare 
liepelt's  figures.  With  a  decrease  of  about  721  cc,  149  c.c,  and  639  c.c. 
in  the  lung  ventilation,  the  oxygen  intake  fell  from  2*3  to  4*0,  from  3-7 
to  3-6,  and  from  3*7  to  3*6  o.c.  respectively. 

Ftom  this  comparison  we  see  that  decreased  lung  ventilation  may 
cause  a  much  greater  fall  in  oxygen  intake  than  liepelt  observed. 

The  question  then  arises.  Why  does  not  the  decreased  oxygen  intake 
correspond  to  the  impaired  ventilation  ?  The  cause,  apparently,  lies  in 
the  fact  that  in  consequence  of  the  primary  increase  in  heat  loas  noted 
above,  an  increase  in  heat  production  (oxygen  intake)  regularly  occurs, 
whereby  the  decrease  produced  by  the  impaired  respiration  is  partiy, 
or  totally,  concealed.  The  slight  change  in  the  oxygen  consumption  in 
man  is  made  up  of  the  two  following  factors  : 

1.  Decrease,  due  to  decreased  ventilation. 

2.  Increase,  due  to  compensation  for  the  increased  heat  loas  through 
the  regulatory  centres. 

On  this  assumption  the  marked  variations  in  the  figures  are  easily 
understood.  At  fiirst  they  depend  on  individual  differences  in  the  degree 
to  which  the  respiratory  volume  is  changed,  and  on  individual  differences 
in  the  oxygen  consumption,  and  later  on  the  condition  of  the  regulatory 
centre.  The  fact  that  this  centre  is  comparatively  easily  paralyzed  by 
antip3rrin  in  fever  is  easily  explained  by  the  relatively  huge  decrease  in 
oxygen  consumption  which  takes  place.  The  increased  heat  loss  is  thus 
easily  compensated  by  increased  heat  production. 

We  can  now  explain  the  remarkable  contrast  in  the  figures  for  heat 
production  obtained  from  men  and  rabbits.  Rabbits  do  not  usually 
react  to  antipjrrin  by  a  decreased,  but  by  an  increased,  lung  ventilation, 
as  is  seen  by  the  marked  increase  in  the  amount  of  water  evaporated ; 
so  that  in  these  animals  there  is  only  the  thermotaxic  increase  of  heat 
production  as  a  result  of  the  primary  increase  of  heat  loss,  which  later  is 
accentuated  by  the  increased  production  due  to  raised  req>iratoiy 
activity. 
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A.— PROTEIN  METABOLISM. 

1.  In  Health. 

Some  obeervers  on  man  report  marked  variations,  even  in  health 
(23,  26,  29).  More  reliable  experiments  (24,  25,  28)  show  that  the  pro- 
tein metabolism  is  practically  unchanged.  Chittenden  (27)  estimated 
that  about  9  per  cent,  less  nitrogen  was  excreted  after  2  to  4  grammes  of 
antipyrin.  The  cause  of  this  was  probably  decreased  absorption  of  food. 
The  nitrogen-content  of  the  fseces  was  unaltered. 

No  change  was  noted  in  a  dog  in  nitrogenous  equihbrium,  even  after 
considerable  doses  (58  grammes  in  a  fortnight)  (30,  31). 


2.  In  Disease. 

The  results  in  pyrexia  are  different,  as  in  this  case  there  is  regularly 
a  marked  nitrogen  retention  (32).    Miiller  obtained  the  following  figures  : 

TTFHom,  FoxnirH  Wmek, 


89-85'. 

87-8(r. 

89-2r. 

89-69'. 

ss-aa-. 

88-6r. 

89-16*. 

89-52*. 

Nitrogen  in  urine 
Antipyrin 

2nd  Day. 
19-64 

SrdDay. 
11-86 

7gm. 

4th  Day. 
19-66 

6th  Day. 
23-42 

6th  Day. 
17-29 
6  gm. 

7th  Day. 
17-09 
5  gm. 

8th  Day. 
22-17 

9th  Day. 
22-0 

Other  exx>eriments  showed  a  decrease  in  nitrogen  excretion  of  16  to 
26  per  cent,  and  15  to  30  per  cent.,  analyses  of  the  fseces  showing  no 
impairment  of  absorption.  As  in  health  there  is  no  change  in  protein 
metabolism,  any  specific  effect  on  the  part  of  antipyrin  may  be  excluded. 

What,  then,  is  the  reason  of  the  decreased  nitrogen  excretion  under 
antipjrrin  in  pyrexia  ?  Here  there  is  greatly  increased  protein  destruc- 
tion (often  50  to  100  per  cent.),  only  a  slight  amount  of  which  may  be 
attributed  to  the  rise  in  temperature,  as  it  occurs  in  puncture  of  the 
brain  (33,  34)  and  simple  physical  heating  (35,  36).  The  greater  portion, 
however,  is  toxic  in  origin,  and  this  part — ^from  what  we  know  of  the 
action  of  antipyrin — ^is  uninfluenced.  We  must  therefore  conclude 
that  the  effect  of  antipjrrin  on  the  metabolism  of  nitrogen  in  fever  is  due 
to  its  antipyretic  action.^ 


^  This  view  is  confirmed  by  a  oomparison  of  the  effect  of  antipyrin  on  the  protein 
)  of  the  brain  ana  in  animals  suffering  from  an  infectious  fever. 


metabolism  in  puncture  < 
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B.— CABBOHTDRATE  METABOLISM. 

Just  as  in  the  case  of  narcotics,  the  liver  is  found  to  be  very  rich  in 
glycogen,  owing  to  the  inhibitory  action  of  antipyrin  on  the  glycog^c 
function  (37  to  39).  No  inhibitory  action  on  the  various  forms  of 
glycosuria — e.^.,  caffeine— has  been  definitely  established. 


C— COMPOSITION  OF  THE  URINE. 

In  Chittenden's  exx>erinients  on  healthy  men  the  excretion  of  urine 
was  markedly  diminished — in  the  first  period  by  6  per  cent.,  and  in  the 
second  by  18  per  cent.  In  experiments  on  dogs  it  was  markedly  raised, 
the  phosphoric  acid,  chlorine,  and  sulphuric  acid  excretion  being  prac- 
tically unchanged. 


Vm.— ANTIPEBRIN,  THALUN,  KAIRIN. 

A.— ANTIFEBRIN. 

In  healthy  men,  therapeutic  doses  do  not  affect  protein  metabolism, 
and  dogs  can  take  2  to  3  grammes  without  showing  any  change.  Very 
toxic  doses  (4  to  6  grammes)  cause  a  marked  increase  of  protein  decompo- 
sition— ^from  30-8  to  35'7  per  cent.  In  fever  patients  there  is  only  a 
shght  tendency  to  decrease. 

In  Chittenden's  experiments  on  man  there  was  a  remarkable  increase 
in  urea  excretion — once  10,  and  in  another  case  20  per  cent.  There  was 
no  marked  change  in  the  sulphuric  or  phosphoric  acids  or  the  chlorides. 


B.— THALLIN. 

In  therapeutic  doses  the  CO^  excretion  is  diminished  (39,  40).  In 
small  doses  in  man  thallin  also  decreases  the  protein  metabolism, 
though  large  doses  in  dogs  produced  an  increased  metabolism  of  protein 
(6-6  to  26-8  per  cent.). 

C— KAIRIN. 

The  heat  production  in  rabbits  with  pyrexia  increased  in  one  experi- 
ment 7  per  cent,  after  0*2  gramme.  A  caJorimetric  experiment  on  a  dog 
also  showed  an  increase  in  heat  production.  In  man  the  CO,  excretion 
has  been  found  to  be  decreased  (2),  and  in  rabbits  the  oxygen  intake  is 
lowered. 
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und  gesunden  Kinder.    Ja.  K.     18.    372.     1886. 

30.  Coppola  :  Sull'  azione  fisiol.  dell*  antipirina.  Ann.  di  chim.  med.  farm.  4. 
1.     33.     1886. 

31.  KuMAOAWA :  Ueber  die  Wirk.  einiger  antipyret.  Mittel  auf  den  Eiweissum- 
satz im  Qrganismus.    Ar.  p.  A.     118.    134.    394.     1888. 

32.  Riisa :  Ueber  Stickstoffaussch.  bei  antipyret  FieberbehandL  E.  A.  23. 
127.     1887. 

33.  SoHULTZX :  Ueber  den  Warmehaushalt  dee  Kaninohens  naoh  dem  Warme- 
stich.    E.  A.     18.     193.     1899. 

34.  Rollt:  Vheat  W&rmestichhjrpertiiermie  und  Fieber,  etc.  D.  Ar.  M.  78. 
260.     1903. 

36.  Richtbb:  Zur  Kenntnis  der  Wirkungsweise  gewisser  die  Zuokeraussob. 
herabsetzender  Mittel.    Z.  M.    86.    162.     1898. 
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30.  lawOL  V.  SoHMiD :  Ueber  den  Stoffw.  bei  Hypertheniiie.     D.  Ar.  M.     ft, 
514.     1904. 

37.  LtFDfs  wt  PoBTXBST :  De  Tlnfl.  qu'exercent  lee  sabstaooeB  antipyn^t.  et  ea 
pwtioiilier  ma  U  teooor,  eto.    a  r.  A.  S.     lOft.    1023.     1887. 

38.  NsBSLTHAU :  Zur  Glykogenbild.  in  der  Leber.    Z.  B.     28b     13&      1891. 

39.  LiytSBATO :  Verhaltea  dee  Stoffw.  unter  dem  Einfl.  vefsch.  anUpyrBt.  Sab- 
stMueiL     Ann,  di  ohim.  e  di  farm.    3.    322.     1885. 

40.  Makaoluivo  :  Uber  die  biolog.  nnd  iherap.  Wuk,  dm  Thailin.     Z.  M.     IQL 
408.     1880. 


IX.— QUININE. 

Althoagh  numerous  experiments  have  shown  that  quinine  exeax^ises 
a  powerful  influence  on  the  metabolism  of  albumin,  on  the  other  hand 
they  have  indicated  that  the  total  metabolism  is  but  little  affectecL 
But  the  results  in  these  cases  have  not  be»i  quite  convincing.     The  cause 
lies  in  the  varying  individual  reactions  to  quinine  both  in  healthy  and  sick 
persons.      Li  the  latter  the  temperature  is  often  unaltered,  or    only 
to  a  slight  degree  ;   in  the  former  quinine  has  a  secondary  influence  on 
respiration,  muscular  tone,  etc.,  which  is  liable  to  very  marked  individual 
variations.    As  the  latter  functions  are  performed  at  the  expense  of  non- 
nitrogenous  material,  it  is  clear  that  the  exchange  of  carbohydrate 
and  fat  will  show  greater  variations  than  that  of  albumin. 


A.— EXPERmEMTS  IN  HEALTH. 

One  gramme  of  quinine  is  said  to  have  caused  a  temporary  decrease 
in  GO^  excretion  in  two  cases  (1,  2),  but  there  are  marked  variations 
normally.  Very  exact  observations  showed  in  one  case  a  slight  increase 
in  CO^  output,  and  a  still  slighter  increase  in  O^  intake,  one  hour  after 
the  ingestion  of  2  grammes  of  quinine  sulphate  (3  to  5).  This  was 
attributed  to  the  by-effects  of  quinine — e.gr.,  increase  in  the  volume  of 
respiration,  shivering,  etc.    Zuntz's  table  is  appended  : 

RSSFIRATIQK  CALOULATBD  DUBINO  OnM  MiNUTS  (AviRAOX  FlOUBXS). 


Volumeof 

Oxygen 
Iniake. 

CO, 
Oidpul. 

Respiratory 
QuoUent, 

Period. 

Bemarks. 

3.935 

171-4 

140-8 

0-82 

Before  quinine. 

Fasting. 

4.973 

I860 

149-4 

0-79 

With 

»» 

4,228 

184-4 

146-8 

0-80 

After 

6,420 

229-6 

202-1 

0-88 

Before       .. 

After  bceftkfaat. 

5.214 

233-5 

197-6 

0-85 

With 

It            ». 

5.759 

249-7 

205-7 

0-83 

After 

„     dinner. 

6.183 

2471 

208-5 

0-84 

With 

" 

As  the  volume  of  respiration,  the  oxygen  intake,  and  (X)t  output 
were  only  increased  in  the  fasting  condition,  we  may  conclude  with  Zuntz 
that  there  is  no  specific  action  independent  of  concomitant  circumstances. 
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WUhaiU  Quinii^. 

With  Quinine, 

Svbieet. 

Doae, 

1 

o* 

00» 

O2. 

CO. 

Gm. 

[4-1 

3-4 

4.4 

30 

1-0 

K. 

4.4 

3-2 

4-6 

3-3 

1-5 

4-4 

3-3 





— 

G. 

r3-7 

2-9 

4.4 

3-6 

10 

.3-7 

2-9 

4-3 

2-6 

1-6 

^3-6 

2-9 

41 

3-3 

10 

R. 

.  3-7         1        30 

4-0 

3-2 

10 

[  3-8                 30 

— 

— 

— 

Here  there  is  regularly  a  slight  rise  in  the  intake  of  oxygen  and  an 
occasional  rise  in  CO2  output,  which  we  may  refer  with  Liepelt  to  the  by- 
effect  of  the  quinine. 

The  gaseous  metabolism  in  rabbits  was  unchanged  in  most  exx>eri- 
ments  (6  to  8),  though  Chittenden  and  Cummins  (9)  found  a  slight 
decrease  in  rabbits,  and  Bock  and  Bauer  (10)  in  cats.  When  the  animals 
moved  more  actively,  the  last  observers  noted  an  increased  excretion. 

Direct  calorimetric  estimations  on  rabbits  showed  in  one  case  a  fall  in 
heat  loss  during  the  first  hour  after  subcutaneous  injection,  but  only  of 
that  part  due  to  radiation  and  conduction  (11,  12).  As  the  temperature 
sank  at  the  same  time,  the  heat  production  must  have  been  decreased, 
unless  the  heat  loss  was  correspondingly  raised  by  evaporation.  The 
heat  loss  by  evaporation  has  also  been  estimated.  In  all  cases  the  heat 
loss  increased.  In  three  instances  in  which  the  temperature  remained 
the  same  the  heat  production  increased  correspondingly ;  in  the  two 
others  in  which  it  fell  somewhat  there  was  also  some  slight  increase  in 
heat  production.  In  an  experiment  in  which  the  quinine  was  given  by 
the  mouth,  after  a  slight  temporary  rise  there  was  a  {M  in  heat  loss, 
with  a  slowly  falling  temperature.  In  contradiction  to  all  the  other 
results,  the  oxidation  processes  were  below  normal. 

The  difference  between  these  results  may  be  explained  by  the  fact 
that  in  the  last-quoted  there  was  marked  increase  in  evaporation  during 
the  first  hour.  Considering  this,  there  may  possibly  have  been  an 
increased  heat  production  in  the  first  series. 


B.— ACTION  IN  PYREXIA. 

In  erysipelas  and  other  conditions  a  well-marked  fall  in  CO^  output 
has  been  observed  (13,  14).  This  illustrates  the  remarkable  difference 
between  the  action  of  quinine  on  healthy  and  feverish  persons,  which  is 
illustrated  by  the  following  figures  from  a  case  of  erysipelas  [Riethus  (14)] : 
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CAuam^TXD  TMB,  Knjoattuaa  fib  Hnrara. 


Apyrexicd  Period.                                            Pyrexicd  Period, 

Without  Quinine. 

With  Quinine.                 Without  Quinino. 

With  Quinine. 

Oa. 

COa. 

Oa. 

coil       ;        Oa. 

I 

CO^ 

Oa. 

00a. 

50 

3-7 

61 

3-7              7-7 

4-1 

7-0 

4-3 

In  other  cases  of  Riethus'  (typhoid  and  pulmonary  consumption) 
there  was  no  distinct  effect  observable. 

In  rabbits  with  fever  the  COg  output  always  fell  [Strassburg  and  others]. 

Calorimetric  exx>eriment6  in  animals  with  cerebral  puncture  showed 
decreased  heat  production,  as  had  been  assumed  from  the  fact  that 
rabbits  with  septicaemia  showed  decreased  heat  loss  and  a  fall  of  tempera- 
ture under  quinine  [Gottlieb  and  Stiihlinger]. 


1.  In  health,  heat  production,  as  calculated  from  the  gaseous  exchange, 
is  usually  unchanged.  Calorimetric  observations  show  a  slight  rise,  as 
both  total  heat  loss  and  temperature  go  up.  When  this  does  not  occur, 
the  fall  is  not  great  enough  to  exclude  oxidation  processes. 

2.  In  p3n^exia,  when  the  temperature  is  reduced,  the  majority  of 
experiments  on  gaseous  exchange  and  with  the  calorimeter  show  decreased 
heat  production,  while,  at  the  same  time,  the  heat  loss — ^in  man,  at  any 
rate,  by  radiation  and  conduction  (15,  16) — ^is  increased.  The  decrease 
in  heat  production  is  primary,  and  not  due  to  a  thermotaxic  action, 
which  would  produce  a  contrary  effect.  It  is  the  result  of  a  direct  action 
on  the  cell  protoplasm,  as  the  temperature  f  aUs  in  animals  in  which  the 
central  nervous  system  is  destroyed  and  the  heat  loss  prevented  (17  to  20). 

The  difference  in  heat  production  in  conditions  of  health  and  pyrexia 
is  probably  quantitative  only,  and  not  one  of  principle.  In  both  con- 
ditions quinine  most  probably  decreases  the  oxidative  power,  but,  owing 
to  special  circumstances,  this  takes  place  more  actively  in  pyrexia. 
Increased  metabolism  due  to  the  motor  stimulation,  which  is  almost 
always  observed,  prevents  the  effects  of  decreased  oxidation  being 
apparent  in  healthy  persons.  This,  however,  is  a  purely  hypothetical 
explanation. 


C— PROTEIN  METABOLISM. 

Many  experiments  on  this  point  have  been  made,  and  a  decrease  has 
been  shown  to  occur  in  healthy  men  of  from  24  to  39  per  cent.  (22  to  29) ; 
in  dogs,  of  8  to  16  per  cent.,  and  during  starvation,  of  36  per  cent.  (30). 

An  increase  has  been  reported  by  one  observer  (32),  but  his  figures 
are  uncertain,  and  show  too  great  variations.    The  increase  so  carefully 
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observed  by  Oppenheim  (33)  is  not  in  opposition  to  the  results  quoted 
above,  as  he  only  gave  one  dose  of  quinine,  and  only  estimated  the 
excretion  of  nitrogen  during  one  day.  An  increase  often  occurs  on  the 
first  day.  The  following  table  shows  that  the  cause  of  the  decreased 
nitrogen  excretion  in  urine  is  not  some  impediment  to  nitrogen  absorp- 
tion, as  seemed  to  be  the  case  from  the  exx)eriment  on  a  starving  dog. 
Both  exx)eriments  were  similar.  In  the  first,  nitrogenous  equilibrium 
was  established  before  quinine  was  given,  and  in  the  second  it  was  not. 
In  each  case  the  effect  of  the  quinine  was  to  decrease  metabolism,  so  that 
in  the  first  there  was  marked  nitrogen  retention  (0-9  gramme  per  diem), 
and  in  the  second  there  was  a  decrease  in  the  nitrogen  deficit  (0-7  gramme 
per  diem).  The  action  was  most  marked  on  the  second  day.  A  signifi- 
cant confirmation  of  the  experiment  would  be  obtained  by  determining 
whether  the  nitrogen  saved  was  not  lost  little  by  little  later  on.  The 
phosphorus  curve  in  the  urine  approximates  to  that  of  the  nitrogen,  but 
is  less  pronounced. 

Ubio  Acid  Exgmtiok  is  Qbammxs. 


Number  of 
Expenmeni. 

Before  Quinine. 

Quinine  Period, 

Period  after  Quinine. 

FlntHalf. 

Second  HaU. 

1 
2 

0-70-0-96 
0-59-0-66 

0-7(M)-87 
0-S8-0-46 

0-60-0-58 
0-39-0-44 

0-76 
0-64-0-08 

EXPBBDfXNT  ON  HlMBBLT  BT  Db.   IbISAWA,  AOBD  TWBNTT-XIOHT. 

Bofore  the  experiment,  weight  60*9  kilogrammes. 
After  49-9 

Diet :  260  grammes  rice ;  100  grammes  sausage ;  60  grammes  cake ;  30  grammes  butter ; 
about  130 grammes  effgs ;  200  grammes  meat ;  1,960  c.c.  HtO ;  6  grammes  Nad— ».e..  109  to 
112  grammes  albumm.  92  to  94-2  grammes  fat ;  240  grammes  carbohydrate =2,260  to 
2,280  calories,  or  44  calories  per  kilogramme. 


Nitrogen 

Nitrogen  Balance 

PA  •»  ^'^'fM 

'^'It 

u 

Nitrogen 

Output  {Gm.). 

{€hn,). 

iChn.). 

^S 

Day. 

Intake 

"8  s' 

ii^ 
Irs 

(Qm.). 

Urine. 

Fteces. 

Per  Diem. 

Avenge. 

Per 
Diem. 

Avenge. 

1 

17-604 

16-324 

1-742 

+  0-538 

2-890 

1,330 

_ 

2 

17-924 

15-126 

1-742 

+  1-056 

— 

2-907 

— 

2-890 

1.700 

— 

3 

17-968 

16-566 

1-742 

+0-661 

— 

2-669 

— 

2-890 

1.700 

— 

4 

17-468 

14-741 

1-742 

+  1-006 



2-298 



2-890 

1.630 

— 

6 

17-458 

16-032 

1-742 

-0-316 

}-oou{ 

2-690 

}2«m{ 

2-890 

1,400 

— 

6 

17-480 

15-450 

1-742 

+0-288 

2-460 

2-890 

1,330 

— 

7 

17-516 

16-723 

1-366 

-0-562 

\            f 

2-686 

r 

2-634 

1,680 

0-6 

8 

17-608 

15-291 

1-365 

+  0-952 

1+0-903. 

2-620 

2-449J 

2-634 

1,800 

0-7 

9 

17-995 

16-079 

1-365 

+  1-661 

2-366 

2-634 

1,980 

1-1 

10 

17-966 

14-918 

1-366 

+ 1-672 

J 

2-133 

2-634 

1,680 

1-4 

11 

17-864 

14-784 

1-364 

+  1-706 

^ 

1-984 

2-626 

1,280 

— 

12 

17-832 

13-691 

1-364 

+  2-777 

1+1-764. 

2-276 

2-284. 

2-626 

1,300 

— 

13 

17-864 

14-461 

1-364 

+  2-029 

2-342 

2-625 

1.280 

— 

14 

17-864 

16-986 

1-364 

+  0-604 

J 

2-534 

2-626 

1.440 



15 

17-863 

16-576 

1-364 

-0-187 

2-704 

— 

2-626 

1.600 

VOL.  m. 


74 
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In  a  second  experiment  the  amount  of  albumin  in  the  diet  was  much 
decreased. 


Di^:  56-56  grammes  albumin  ;  107*0  to  108-7  grammes  fat;  291-06  grammea 
hydrate =2,424  calories,  or  49  calories  per  kilogramme. 


carbo- 


NUrogen 

Nitrogen  Balance 

P/)k  in  Urine. 

'2' 

.2- 

Nitrogen 

Ouipta  (Om.), 

(€hn.). 

(Om.). 

-s5 

Day. 

IrUake 

^1 

1^ 

It 

(Gm.). 

UiiM. 

FlBoes. 

Per  Dion. 

Pw 

Diem. 

Avenge. 

1 

8-992 

10-111 

1-496 

-2-616 

3-280 

2 

8-992 

9-671 

1-496 

-2-075 

— 

1-994 

— 

3-280 



3 

9-992 

9-104 

1-496 

-1-608 

— 

1-609 

— 

3-280 



4 

9-036 

8-683 

1-496 

-1143 

1-680 

3-280 



5 

9-036 

8-871 

1-496 

-1-331 

-1-142 

1-869 

1-756 

3-280 



6 

9-036 

8-491 

1-496 

-0-951 

1-716 

3-280 



7 

9-028 

9-027 

1-229 

-1-223 

f 

1-884 

2190 

0-5 

8 

9-064 

8-436 

1-229 

-0-600 

1-596 

2190 

0-7 

9 

9-136 

8-058 

1-229 

-0-161 

•  -0-4144 

1-266 

■1-475 

2190 

1-1 

10 

9-137 

8-344 

1-229 

-0-436 

1*600 

2-190 

1-4 

11 

9-137 

8-668 

1-229 

+  0-342 

1 

1-139 

2-190 

1-4 

12 

9030 

7-718 

1-639 

-0-221 

} +0-233  [ 

1-142 

}l-242{ 

2-492 

13 

9-014 

6-789 

1-639 

+  0-686 

1-342 

2-492 



14 

9-036 

8-684 

1*639 

-1-087 

}->«{ 

1-662 

!  16631 

2-492 



16 

9-067 

8-871 

1-639 

-1-353 

1-663 

2*492 

— 

The  leucocyte  count  showed : 


Number  of 
Experiment. 


Before  Quinine. 


During  Quinine. 


After  Quimne, 


3,800-6.700 
6,840-6,760 


6,440-4,660 
6.670-4,940 


5,800-6,700 
5,840-6.760 


In  fever  there  is  also  a  distinct  nitrogen  retention  (36).  Some  irregu- 
larities have  been  observed,  but  no  conclusions  can  be  drawn  from 
them  (36). 

The  first  table  on  p.  1167  shows  the  ratio  of  the  urea  nikogen  to 
the  total  nitrogen  in  the  urine,  and  also  the  effect  of  long-continued  use 
of  quinine.    It  is  taken  from  one  of  the  author's  unpublished  observations. 

The  figures  at  the  beginning  of  the  quinine  treatment  show  a  certain 
decrease  in  the  percentage  of  urea.  It  is  caused  by  the  fact  that  the 
absolute  amount  of  residual  nitrogen  remains  unaltered,  and  denotes 
decreased  protein  katabolism.  The  same  thing  was  observed  by  Folin 
(37)  in  the  conclusive  and  remarkable  exx>eriment  given  on  p.  1167 
(second  table),  in  which  the  protein  metabolism  was  decreased  by 
diminishing  the  supply. 

The  absorption  being  normal,  and  as  experiments  by  Loewy  have 
shown  that  the  excretion  is  uninfluenced  by  quinine,  the  nitrogen  reten- 
tion can  only  be  attributed  to  the  decreased  katabolism  of  nitrogenous 
material,  owing  to  the  action  of  the  quinine  on  cell-protoplasm. 
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That  this  is  aotually  the  case  is  shown  by  various  oonsideratioiis. 
Firstly,  because,  as  we  have  seen,  the  temperature  is  reduced  by  quinine 
in  animals  after  section  of  the  cord,  whereby  increased  heat  loss  from  the 
skin  is  excluded.  Secondly,  certain  fermentative  processes  are  inhibited 
by  quinine — e.g.,  the  conversion  of  glycogen  into  sugar  by  the  inverting 


Subject.  Doo:  Intaks 

1%. 

Urine. 

Urea  in  Urine. 

Urea  Nitrogen  in 
Total  Nitrogen. 

RemarU. 

Gm. 

Gm. 

Percent 

1 

7-87 

6-27 

800 



2 

7-89 

613 

76-0 



3 

16-96 

140 

87-6 

+ 16  gm.  urea. 

4 

8-20 

719 

87-5 

— 

5 

7-90 

6-80 

86-0 

— 

6 

7-34 

6-36 

87-0 

0*6  gm.  quinine. 

7 

6-67 

6-46 

820 

1-0        „ 

8 

6-88 

5-77 

84-0 

1-0        „ 

9 

7-19 

6*60 

78-0 

1-0 

10 

13-00 

11-93 

87-0 

+ 16  gm.  urea. 

11 

6-66 

6-96 

89-0 

.  1*0  gm.  quinine. 

12 

7-16 

— 

— 

1-0        „ 

13 

8-40 

— 

— 

10        „ 

14 

7-90 

— 

— 

10        „ 

15 

8-49 

— 

— 

1-0 

16 

9-27 

— 

— 

1-6        „ 

17 

7-96 

— 

— 

1-6        „ 

18 

8-40 

— 

— 

1*6 

19 

8*40 

__ 

— 

1-6        „ 

ferment  in  the  liver  (38,  39).  Thirdly,  the  formation  of  acid  in  the  blood, 
both  before  and  after  coagulation  (40),  and  the  synthesis  of  hippuric  acid 
in  the  kidneys,  are  decreased  (40).  Yeast  fermentation  is  markedly 
diminished. 

Schmiedeberg  (42)  thinks  it  probable  that  in  the  living  body  the  pro- 
cesses of  decomposition,  oxidation,  and  synthesis  occurring  in  the  tissues 

NrrBoosN  ExoBvnoK  nr  OaAmas. 


Diet  rich  in  protein 
Diet  poor  in  protein 


16*8 
3*6 


5.4 


14*70 
2*20 


87*6 
61-7 


5^ 


0*49 
0*42 


4 


30 
11-3 


0*18 
0*09 


11 
2-6 


^1 


0-68 
0-60 


■8 


3-6 
17*2 


0*86 
0*27 


I 


4*9 
7*3 


— ^which  certainly  depend  on  ferment  action — are  affected  to  a  similar 
extent  [c/.  Laqueur  (43)]. 

We  must  now  inquire  how  the  constant  results  on  the  protein 
metabolism  can  be  reconciled  to  the  varying  effect  on  the  total 
metabolism. 

Is  the  metabolism  of  the  non-nitrogenous  material  affected  in  a 
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differeot  maimar,  or  is  tbe  action  the  aame,  but  in  many  instanoes  oon- 
oealed  ?  It  has  been  shown  that  in  many  cases — e.(^.,  in  pyrexia — the 
total  metabolism  may  be  decreased,  and  that  in  mostcases  in  animals  the 
temperature  falls  when  the  cord  has  been  divided.  This  cannot  be  dne 
to  decreased  oxidation  of  the  non-nitrogenous  matoial,  as  that  of  the 
nitrogenous  is  relatively  too  smaU  to  produce  the  fall  in  temperatore. 
We  shall  probably  be  right  in  holding  that  quinine  inhibits  the  total 
metabolism,  but  that  this  can  only  be  shown  in  the  case  of  protein,  as 
that  of  the  non-nitrogenous  material  is  concealed  by  secondary  actions, 
and  may  be  ovracompensated. 

There  are  many  causes  for  this  compensation.  In  the  first  place,  aD 
experiments  show  that  quinine  produces  increased  heat  loss.  Normal 
warm-blooded  animals  react  to  heat  loss  by  increased  heat  production, 
and  the  same  thing  takes  place  in  animals  under  the  influence  of  quinine, 
as  the  thermotaxic  centre  remains  unaffected.  Probably  the  shivmng 
which  frequently  occurs  is  the  outward  expression  of  this  thermotaxic 
process,  though  there  is  probably  also  a  purely  chemical  heat  produc- 
tion apart  from  that  produced  by  muscular  work.  The  non-nitrogenous 
substances  are  employed  as  material  for  this  process.  This  will  partly, 
at  any  rate,  explam  the  increased  heat  production. 

The  special  action  of  quinine  on  certain  motor  mechanisms  may 
account  for  the  rest — e.g.,  the  not  infrequent  spasms  and  vomiting,  and 
the  increased  frequency  of  respiration.  For  all  these  processes  non- 
nitrogenous  material  would  be  used  up,  and  a  primary  decrease  in  oxida- 
tion processes  might  easily  be  concealed.  Probably  a  much  greater 
increase  would  occur  if  the  inhibitory  action  of  the  quinine  did  not  affect 
the  non-nitrogenous  substances.  Perhaps  some  light  could  be  Uirown 
on  the  point  by  exx)eriments  on  curarized  animals  similar  to  those  on  the 
action  of  pilocarpine  (41).  This  explanation  also  applies  to  the  fact  that 
generally  in  healthy  men  the  protein  metabolism  is  decreased,  but  the 
total  metabolism  is  unaltered,  and  to  the  diminution  in  both  after  section  of 
the  cord.  Here  the  quinine  could  only  affect  the  protein  metabolism  by  a 
direct  effect  on  the  protoplasm  itself.  A  corresponding  amount  of 
carbohydrate  must  be  used  to  make  up  the  deficiency  of  fuel,  provided 
that  the  thermotaxic  centre  is  intact.  When  this  is  put  out  of  order  by 
section  of  the  cord,  or  by  pyrexia,  no  increased  oxidation  of  non-nitro- 
genous material  occurs,  and  the  total  metabolism  is  decreased. 
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X.— THE  SALICYLIC  ACID  GROUP. 

1.  Salleylie  Adds  and  Salicylates. 

The  investigations  to  hand  on  the  influence  of  salicylic  acid  and  its 
derivatives  on  the  respiratory  interchange,  and  the  maint^ianoe  of 
temperature,  are  not  sufficient  to  afford  an  explanation  of  their  frequ^itly 
well-marked  antipyretic  action.  The  results  of  individual  experiments 
are  not  concordant.  The  cause  is  the  well-known  personal  variation  in 
relation  to  the  drug.  The  differences  arise  in  the  various  motor  phe- 
nomena produced  by  the  drug,  such  as  restlessness,  shivering,  and 
increased  rapidity  of  respiration,  which  occurs  frequently,  but  by  no 
means  invariably.  Thus,  equal  doses  may  not  produce  at  all  the  same 
effect  on  metabolism. 

In  some  cases  sodium  salicylate  does  not  affect  the  GO^  output  (I), 

but  in  others  it  decreases  it  (2).      In  pyrexia  the  increased  CO^  output 

due  to  rigors  is  followed  by  a  return  to  normal,  but  not  below  it.     A 

marked  fall  in  the  oxygen  intake  has  been  found  in  rabbits  with  pyrexia 

(3).    Normal  rabbits  showed  no  alteration.    Singer's  (4)   figures  for 

rabbits  are : 

OxTonr  Intaub. 

Normal,  39*0  c.c  per  minute ;  after  0*2  gramme  aspiriiit  32*6=  - 17  per  oent. 
„      38-7        „  „        „        0-3         M  M       33-5=  -14 

..      34*7        „  „        „        0-9^        „  „      87*8=  +9 

In  guinea-pigs,  after  doses  of  0-3  gramme  the  00^  output  falls  to 
about  44  per  cent.,  and  after  doses  of  0-25  to  0-6  gramme  it  rises  about 
50  per  cent.  (5).  This  is  instructive,  as  showing  that  salicylates  can 
produce  contrary  effects  according  to  the  size  of  tbe  dose,  as  weU  as 
to  the  idiosyncrasy  of  the  individual.  It  is  clear  from  these  experiments 
that  in  non-toxic  doses  salicylates  (if  they  produce  any  effect)  decrease 
metabolism. 

Calorimetric  observations  on  guinea-pigs  showed,  as  a  rule,  a  slight 
increase  in  temperature  and  heat  production  (6).  The  doses  employed 
were  0-1  to  0-225  gramme,  which  also  produced  increase  in  COj  output 
{vide  supra). 

In  therapeutic  doses — ^if  any  action  occurs — ^the  protein  metabolism 
is  increased.  This  is  different  to  the  effect  on  the  gaseous  interchange 
(4  to  23). 

Besides  the  urea,  the  uric  acid  excretion  is  much  increased  [Goodbody, 
Herter,  Noel  Paton,  and  others  (24,  25)]     It  is  remarkable  that  this  rise 

^  Toxio  symptoma  occuired. 
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t  *  is  relatively  greater  than  that  of  the  total  nitrogen.  With  a  total  nitrogen 
^=  increase  of  7  per  cent,  the  uric  acid  output  rose  40  to  60  per  cent.  In- 
^j  creased  protein  katabolism  is  not  the  only  cause  of  the  increased  uric 
acid  excretion.  Nor  can  it  be  referred  to  any  "  flushing-out "  process, 
as  salicylates  produce  a  slight  retention.  W.  E.  Dixon  {op.  cU.)  points  out 
that  the  effect  lasts  too  long  to  be  due  to  improved  elimination.  It  may 
continue  for  some  dAjs  after  a  single  dose.  Walker  Hall  investigated  the 
action  of  salicylic  acid  upon  the  endogenous  uric  acid  excretion  of  meat- 
eaters  and  confirmed  v^etarians,  and  observed  that  the  uric  acid  output 
was  consistently  increased  in  both.  Whether  this  is  due  to  a  diminished 
decomposition  of  uric  acid  precursors,  or  to  a  toxic  action  upon  nuclein 
metabolism,  is  not  quite  clear  (43).  The  excretion  of  phosphorus 
in  urine  and  fsdces  is  unaltered,  which  seems  to  n^ative  any  special 
influence  of  salicylates  on  nuclein  kataboUsm. 

Leucocytosis  and  a  resultant  destruction  of  the  white  corpuscles 
after  administration  of  salicylic  acid  has  often  been  assumed  to  be  the 
cause  of  the  increase  in  uric  acid.  The  former  has  been  observed  to 
occur.    The  matter  is  discussed  by  Wiener  (27). 

The  sulphate  and  phosphate  excretion  is  increased  correspondingly 
to  that  of  the  nitrogen.  Some  have  found  no  change  in  the  ethereal 
sulphates,  others  a  slight  rise. 

The  00,  in  the  blood  is  unaltered. 

2.  Beniole  and  Gallie  Adds. 

Doses  of  8  grammes  of  benzoic  and  gallic  acids,  or  of  sodium  quinate, 
or  3  grammes  of  tannin  per  diem,  do  not  influence  protein  or  phosphorus 
metabolism  in  man.  Benzoic  anhydride  and  benzoyl  alcohol,  in  small 
doses,  are  inactive  in  dogs  (28),  but  large  doses  of  benzoic  acid  or  sodium 
benzoate  have  been  observed  to  cause  an  increase  of  20  per  cent. 

More  exx>erimental  work  has  been  done  as  to  the  influence  of  these 
bodies  on  uric  acid  excretion.  Starting  from  the  supposition  that  in  the 
body  uric  acid  is  synthesized  from  urea  and  glycocoU,  substances  were 
investigated  that  would  unite  with  glycocoU,  in  order  to  prevent  its 
taking  part  in  the  uric  acid  synthesis.  Weiss's  observation  that  the 
use  of  fruit  increased  uric  acid  excretion  threw  a  difficulty  in  the  way  of 
these  researches  (29),  as  he  considered  the  quinic  acid  responsible,  and 
stated  that  with  it  the  same  action  could  be  obtained.  Though  not 
entirely  unconfirmed  (30),  most  observers  have  obtained  opposite  results 
(31  to  35).  Weiss's  position  was  also  rendered  untenable  by  the  dis- 
covery that  other  bodies  which  combine  with  glycocoU — ^though  they 
occasionaUy  influence  uric  acid  excretion— do  not  do  so  by  virtue  of  any 
action  on  the  glycocoU.  A  marked  decrease  in  the  uric  acid  excretion 
was  shown  to  take  place  only  on  the  first  day  after  the  exhibition  of 
benzoic  and  gaUic  acids.  It  then  graduaUy  rose  again,  and  when  the 
drugs  were  discontinued,  more  than  normal  amounts  were  excreted. 
This  seems  to  point  to  delayed  excretion  rather  than  to  diminished  pro- 
duction. This  furnished  an  explanation  of  the  absence  of  a  fall  in  the 
uric  acid  output  in  the  experiments  of  Weiss  and  Lewandowski. 
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Tannin  has  no  action  on  nitrogenous  metabolism  or  the  excretioo  of 
uric  acid,  though  in  some  experiments  a  decrease  of  the  nitrogen  and 
uric  acid  in  the  urine  in  ahnost  equal  proportion  has  be^i  obsenred, 
apparently  as  the  result  of  impaired  absorption. 

Salicylic  acid,  far  from  diminiahing  the  uric  acid  excretion^  markedly 
raises  it,  although  it  can  combine  with  glycoooU  ;  hence  Weintraud  (38) 
concludes  that  uric  and  hippuric  acid  formation  are  entirely  separate  and 
independent  processes. 

3.  PhenoL 

Non-toxic  doses  do  not  appear  to  influence  metabolism.  This  has 
been  shown  for  phenol  itself  (39,  40,  26),  creolin  (2  to  3  grammee), 
(41),  and  for  ichthyol  [4  to  4*6  grammes  (42)]. 
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XI.— CAFFEINE. 

The  purin  bodies  in  coffee  and  tea  act  variously  in  individual  cases 
as  stimulants  to  the  motor  centres.  The  ordinary  doses  which  we  tckke 
every  day  cannot  be  shown  to  have  a  direct  influence  on  metabolism  in 
men  apart  from  this,  as  is  shown  by  the  unpublished  experiments  by 
Magnus-Levy  (1)  given  on  p.  1176. 

The  slight  rise  in  the  third  experiment  was  doubtless  due  to  col- 
lateral conditions,  such  as  increased  activity,  fuller,  stronger  pulse,  and 
a  very  warm  skin. 

Similar  results  were  obtained  by  Speck  (2).  In  rabbits,  large  doses 
of  caffeine  produce  marked  stimulation,  as  is  shown  by  the  rise  in  the 
oxygen  intake  and  the  CO,  output  (3). 

Protein  metabolism  is  likewise  uninfluenced  in  a  specific  manner 
either  in  man  (4)  or  dogs  in  nitrogenous  equilibrium,  or  during  starva- 
tion (5  to  7).  After  toxic  doses  a  dog  showed  a  marked  increase  in  nitrogen 
excretion. 

In  rabbits  the  diuresis  is  often  accompanied  by  glycosuria  (8).     The 


1176 


THE  PATHOLOGY  OF  METABOLISM 


CMifle  IB  hyperglycflBmia  (9,  10).  In  addition  to  this,  a  specific  action  on 
the  kidneys  has  been  supposed  to  exist  by  Rose,  because,  thongli  he 
observed  hypei^Iyciemia  as  often  after  operative  procedures  as  after 
ca£Feine,  glycosuria  was  much  commoner  as  a  result  of  the  latter. 


Normal  Facing 

Aetiam  of  Cogee,                  \ 

(One  How). 

'    Pint 
Hour. 

Second 
Hour. 

lUrd 
Honr. 

FkMBth 

1 

! 

1 

1 

1.  500  CO.  coffee  ( 
made   from 
15  sTAiimies 
berries           I 

Ob  CO.  per  minute    268*200 
Respiratory  quotieat  0*864 

242*300 
0-814 

248*900 
0-847 

247O0O 
0-804 

Ptor  oent.  change 

-6 

-3 

-4 

2.  640  0.0.  coffee  ( 
made   from 
20sr»mmeB' 
berries           \ 

0^  0.0.  per  minute    267*400 
Respiratory  quotient   0*770 

264*700 
0-719 

260-600 
0-728 

266-300 
0-711 

— 

Per  cent,  change 

+  3     \     +1 

+  4 

— 

3.  350  0.0.  ooffee  C 
made   from 
25  grammes ' 
hemes 

Og  CO.  per  minute     233*800 
Respiratory  quotient    0-725 

251*600 
0*744 

247*800 
0-760 

259-400 
0-749 

Per  oent.  change 

+  8 

— 

+  6 

+  11 

Passing  changes  in  the  excretion  of  other  substances  are  due  to  the 
diuretic  action  of  the  purin  bodies,  and  have  nothing  to  do  with  tlieii 
effect  on  metabolism  (11  to  14). 
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XII.— COCAINE. 

Cocaine  acts  as  a  stimulant  to  the  central  nervous  system.  Experi- 
ments on  its  effects  on  metabolism,  in  spite  of  their  incomplete  character, 
point  to  a  specific  action,  quite  apart  from  its  effect  as  a  stimulant. 

In  dogs,  both  starved  and  in  nitrogenous  equilibrium,  after  one  or 
more  days'  treatment  with  cocaine — ^in  spite  of  distinct  stimulation — a 
very  considerable  decrease  in  the  urinary  nitrogen  was  observed  (1,  2). 
The  simultaneous  decrease  in  the  amount  of  urine,  though  marked,  was 
not  sufGiciently  r^ular  to  account  for  the  phenomenon.  A  considerable 
absolute  increase  in  the  total  and  the  neutral  sulphur,  and  a  diminution 
in  the  power  to  oxidize  benzol  and  to  form  phenol-sulphonates,  has  also 
been  observed  (3).  Large  doses  caused  the  appearance  of  sugar  and 
lactic  acid  in  the  urine  of  rabbits  (4).  This  was  attributed  to  decreased 
supply  of  oxygen,  owing  to  inadequate  respiration  (1).  Phlorizin  is 
said  to  produce  slight  glycosuria  after  cocaine  (?  as  a  result  of  increased 
protein  decomposition).  Further  experiments  are  needed  to  explain 
these  actions  of  the  drug. 
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Xin.— PILOCARPINE. 

As  pilocarpine  strongly  stimulates  glandular  activity,  its  employment, 
it  was  supposed,  would  throw  some  Ught  on  the  nature  and  origin  of  this 
process. 

Frank  and  Voit  (1)  obtained  the  following  figures  for  CO,  output  in 
dogs  : 


Hour. 

1. 

38-70° 
17-36 

8. 

38-92° 
17-44 

4. 

6. 

6. 

7. 

8. 

9. 

Teinperatiiro(C.)-. 
COg(o.o.)      ..     .. 
Pilocarpine  (gm.).. 
SaUva  (0.0.)  . .     . . 

38-36° 
15-67 

38-98° 
17-68 

3907° 
17-26 

38-42° 
16-27 

38-74° 
17-70 

38-960° 

19-200 

0-016 

80-000 

39-160° 

17-690 

0-016 

42-000 

1178 


THE  PATHOLOGY  OP  METABOLISM 


The  OO2  output,  which  was  originally  very  steady,  rose  considerably 
during  the  first  hour  after  the  dose  of  pilocarpine,  but  as  it  returned  to 
its  former  value  during  the  second  hour — although  the  saliva  secietian 
was  very  energetic — ^it  is  questionable  whether  the  increased  00^  oatpat 
was  really  due  to  the  glandular  activity.  It  may  have  be^i  a  result  of 
the  augmented  activity  of  the  smooth  muscle  of  the  intestine,  wlii<^  has 
been  shown  to  cease  long  before  the  salivary  excretion  diminishes. 

There  is  only  one  detailed  investigation  connected  with  protein 
metabolism  (2).  At  first,  both  in  men  and  dogs  in  nitrogenous 
equilibrium  or  during  starvation,  no  change  is  observed.  In  dogs, 
however,  on  the  second,  third,  or  fourth  day  a  most  remarkable  rise  in 
excretion  occurs.    Por  example  : 


EXPIUMKNT  ON  A  StABVED  Dog. 


Day, 

Urine, 

Nitrogen 

in 

Urine, 

PA  in 
Urine. 

N 
PA- 

Weight, 

Remark: 

C.C. 

Om. 

Gm. 

Kg. 

f 

1 

120 

1-86 

0-34 

6-40 

7-300 

' 

2 

130 

1-33 

0-39 

3-40 

7-160 

—                        1 

3 

uo 

1-34 

0-36 

3-70 

7000 

— 

4 

205 

104 

0-36 

2-90 

6-860 

— 

6 

220 

1-28 

0-21 

6-10 

6-760 

15    mUlipamnieB    pOo-  1 
oarpine. 

6 

260 

1-26 

0-33 

3-80 

6-000 

—                       1 

7 

1.080 

302 

0-61 

4-60 

6-200 

—                      I 

8 

350 

9-W 

0-46 

2*20 

6-125 



9 

200 

1-47 

0-36 

4-20 

6-110 

—                      1 

10 

85 

1-27 

— 

— 

6050 

— 

Here  the  rise  reached  500  per  cent.  In  another  dog  in  nitrogenous 
equilibrium  it  rose  to  25  per  cent. 

The  excretion  of  phosphorus  is  also  increased,  but  not  to  the  same 
extent. 

The  explanation  cannot  be  given  off-hand.  Probably  the  poison 
produces  an  increased  destruction  of  glandular  tissue,  which,  however, 
is  not  at  once  converted  into  the  end-products.  There  is  no  connection 
between  the  nitrogen  excretion  and  the  diuresis,  as  their  maxima  do  not 
coincide. 

Atropine  simultaneously  administered  prevents,  among  other  effects, 
the  increased  elimination  of  nitrogen,  as  does  also  a  liberal  supply  of 
carbohydrate  food.  Apparently  this  renders  possible  the  resynt^esis 
of  the  protein  from  its  decomposition  products.  Por  the  same  reason 
the  protein  katabolism  is  less  in  animals  which  are  well  fed.  Laige 
doses  (0-1  to  0-2  gramme)  in  dogs  give  rise  to  a  marked  loss  of  glycogen 
in  the  liver — ^in  one  case  from  4-58  per  cent,  down  to  1-2  per  cent,  (in 
thirty  minutes  ?),  and  in  another  from  1*6  per  cent,  to  nil.  Hyper- 
glycsemia  (from  0*08  per  cent,  to  0*164  per  cent.)  results,  but  not  appar- 
ently in  sufficient  degree  to  produce  glycosuria  (3). 
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XIV.— ATROPINE. 

Eichelberg  states  that  single  small  doses  in  dogs  do  not  influence 
protein  metabolism ;  larger  ones  increase  it  (2).  In  starved  and  fed 
dogs  2  milligrammes  produced  no  change,  whereas  10  milligrammes  acted 
like  pilocarpine  in  producing  a  marked  increase  in  PaO^. 

De  Stella  obtained  very  different  results  by  injections  and  instilla- 
tions of  1  milligramme  scopolamine,  prolonged  over  considerable  periods. 
There  was  a  marked  decrease  during  a  week. 

The  details  are  given  in  the  following  table  : 


Animal. 

Weight, 

Nitrogm. 

CL 

P«0^ 

Volume  of 
Urine. 

Rabbit 
Dog..         .. 

Kg. 
/2-3 
\2-3 
/2-6 
\40 

27 
15 
20 
23 

39 
16 
28 
15 

38 
28 
16 
10 

28 

17 

19 

6 

Although  these  results  are  very  uniform,  various  circumstances  warn 
us  against  too  implicit  confidence  in  them.  In  the  first  place,  it  is  very 
remarkable  that  a  rabbit  on  a  daily  diet  of  200  grammes  of  carrots  and 
66  grammes  of  oats  should  excrete  as  much  as  0*48  gramme  of  phos- 
phates in  the  urine.  Then,  apart  from  the  difficulty  of  carrying  out 
exact  metabolism  experiments  on  dogs  of  2-6  and  4  kilogrammes,  it  is 
not  easy  to  understand  how,  with  an  intake  of  200  c.c.  milk  and 
160  grammes  bread  (and  consequently  about  4-2  grammes  nitrogen), 
they  could  normally  excrete  on  an  average  only  1-6  grammes  nitrogen 
in  the  urine.  Such  an  extreme  nitrogen  retention  is  only  usual  in  growing 
animals. 

In  the  case  of  acute  atropine  -  poisoning  glycosuria  was  observed, 
and  after  its  disappearance  alimentary  glycosuria  was  easily  produced 
(6).  Enormous  doses  (6  to  1*0  grammes)  produced  glycosuria  in  four  out 
of  five  rabbits. 
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XV.— CURARE. 


It  is  of  much  importance  to  detennine  the  influence  of  curue  on 
metabolism,  because  in  the  first  place  the  drug  is  of  much  pharmaco- 
logical value,  and,  furthermore,  it  is  necessary  to  distinguish  any  differ- 
ence in  metaboUsm  which  may  occur  in  a  curarized  animal  and  one  which 
is  kept  quiet  by  other  means.  We  shall  here  deal  only  with  the  changes 
which  occur  independently  of  the  respiratory  paralysis. 

ReUable  methods  showed  a  fall  of  about  60  per  cent,  in  the  oxygen 
intake  and  CO2  output  in  a  curarized  rabbit  (1,  2).  A  comparison  of 
the  excretion  of  normal  and  curarized  animals  gave  about  35  per  c»it. 
decrease  in  katabolic  changes  (3).  But  recent  very  exact  experiments 
on  dogs  have  produced  quite  different  results  (4,  6).  The  main  difference 
in  the  experimental  conditions  Ues  in  the  fact  that  the  animals,  igvhich  are 
in  a  state  of  muscular  relaxation,  and  kept  alive  by  artificial  respiration, 
are  suppUed  with  the  proper  amount  of  heat  to  keep  them  at  a  normal 
temperature,  in  spite  of  the  excessive  heat  loss  induced  by  the  curare. 
Under  these  circumstances  it  is  found  that,  as  soon  as  the  fonctional 
activity  of  the  muscles  has  been  inhibited,  increasing  the  dose  of  curare 
has  no  further  influence  on  metabolism,  and  the  00^  output  remains 
the  same  for  hours.^  Only  if  the  dose  is  large  enough  to  produce  a  low^ned 
blood-pressure  does  a  further  decrease  in  OO2  output  tckke  place,  appar- 
ently as  a  consequence  of  some  unknown  action. 

The  general  result  of  these  researches  is  that  the  metabolism  of  one 
and  the  same  animal  remains  about  the  same,  whether  it  is  at  rest  (with- 
out muscular  relaxation)  or  fully  curarized  (with  muscular  relaxation). 
For  example : 


Number 
Expert- 

Initial 
TemvpenUiwre 
{CetUigrade). 

Normal. 

OwroriuA,                ' 

1 

COs  per  Hoar 
Incc. 

1300 
12-43 
12-66 
12-95 
10-40 

Body  Taiiipwfttu« 
^JontignMie). 

00|  per  Hoar 
incc. 

(uenogxaae). 

11 
7 
3 

Id 
5 

20-2° 
19-8° 
18-3° 
18-6° 
18-3° 

38-45° 
38-70° 

39-38-4° 
38-60° 

14-41 
12-11 
1310 
13-66 
10-45 

38-44°        \ 
38-80°        1 
38-16° 
38-95° 
38-72° 

Average 

— 

12-29 

— 

12-73 

— 

In  no  case  was  the  CX),  output  in  the  curarized  animals  less  tiian 
normal ;  often  it  was  greater.  From  this  we  might  draw  the  physio- 
logically interesting  conclusion  that  the  muscle  tone  due  to  central 
excitation  in  a  normal  animal  when  at  rest  does  not  require  a  greater 
expenditure  of  energy  than  the  purely  peripheral  muscle  tone  which 
remains  when  all  central  impulses  are  intercepted.    But,  in  fact,  this  is 

^  Further,  it  appears  that  slight  rigors  do  not  appreciably  increase  the  00|  output. 
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not  a  tenable  position.  In  the  first  place,  the  fact  that  a  muscle  lengthens 
after  section  of  its  nerve  is,  to  a  certain  extent,  against  it ;  in  the  second 
place,  the  experiments  may  be  otherwise  interpreted.  The  cutting  o£f 
of  the  central  impulses  from  the  muscle,  and  the  consequent  decrease 
in  the  oxidation  processes  in  the  muscles,  is  overcompensated  by  the 
increase  in  heat  production  which  occurs  in  order  to  equalize  the 
increased  heat  loss.  The  increase  is  at  first  insufficient,  or  there  would 
be  no  fall  of  temperature.  This  would  be  very  likely  more  than  enough 
to  equal  the  OO2  production  of  a  normal  resting  animal. 

The  nitrogen  output,  as  an  index  of  protein  metabolism,  is  not  quan- 
titatively changed*  During  the  curarization  there  is  a  temporary  delay, 
owing  to  interference  with  the  excretory  mechanism,  and  less  nitrogen 
appears  in  the  urine.  The  deficit  is  soon  covered  by  subsequent  pro- 
duction and  elimination. 
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XVI.— ADRENALIN. 

The  glycosuria  produced  by  the  subcutaneous  injection  of  extract 
of  the  suprarenal  capsules  (1,  3)  is  due  to  the  presence  of  adrenalin,  but 
is  apparently  independent  of  the  rise  of  blood-pressure.  For  whereas 
the  latter  effect  is  well  marked  only  when  the  adrenalin  is  given  intra- 
venously, sugar,  according  to  most  authors,  is  only  found  in  the  urine 
after  subcutaneous  or  intraperitoneal  injections.  It  must  remain  un- 
decided why  many  authors  also  observed  glycosuria  after  intravenous 
injections  (8,  11,  14),  as  the  different  effects  of  subcutaneous  and  intra- 
venous injections  are  easily  and  definitely  demonstrable. 

The  glycosuria  occurs  more  easily  when  the  animal  is  well  fed ;  but 
it  can  certainly  be  produced  in  starving  animals  [Noel  Paton  and  others]. 
It  does  not,  however,  appear  in  animals  after  the  glycogen  has  been 
removed,  as  Noel  Paton  (6)  asserted.  Loewy,  in  an  unpublished  research, 
has  noted  that  by  a  combination  of  starvation  and  phlorizia — ^by  which 
the  last  traces  of  sugar  are  got  rid  of — ^no  more  appears  in  the  urine. 

The  effect  of  pyrexia,  either  from  infection  or  puncture  of  the  brain, 
on  the  sugar  output  has  also  been  studied  (10  to  12).  Bichter  found 
that  infection  prevented  glycosuria,  but  that  the  pyrexia  of  cerebral 
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puncture  was  without  effect.  Aronsohn,  on  the  other  hand,  found  tiiat 
the  latter  inhibited  glycoeuria.  EUinger  and  Seelig  were  unable  to 
confirm  this.  They  found  (as  did  Richter)  that  the  glycosuria  was  not 
so  great  after  the  puncture,  and  that  the  effect  attributed  by  Richter 
to  an  infectious  fever  was  due  apparently  to  a  renal  lesion  to  which 
could  be  assigned  the  major  part  in  inhibiting  glycosuria. 

The  proximate  cause  of  the  glycosuria  is  hyperglyciemia  (2  to  8). 
It  occurs  even  after  a  preliminary  extirpation  of  the  kidneys.  The 
hyperglycsemia  is  dependent  on  the  conversion  into  sugar  of  the  liv» 
glycogen  (9). 

In  relation  to  the  pancreas,  the  following  facts  are  established: 
Painting  the  pancreas  with  adrenalin  solution  produces  a  very  marked 
glycosuria  (13) ;  a  rapid  glycosuria  was  produced  in  a  dog  not  previously 
glycosuric,  in  which  the  pancreas  had  been  completely  (?)  removed  (14), 
and  the  injection  of  adrenalin  into  ducks  also  produced  glycosuria  (2). 

Little  is  known  as  to  the  other  effects  of  adrenalin  on  metabolism. 
Apparently  protein  metabolism  is  quantitatively  unaltered  in  dogs  and 
birds,  but  in  the  latter  the  NH^  excretion  is  increased  somewhat  at  the 
expense  of  the  uric  acid. 

Adrenalin  in  large  doses  induces  atheromatous  changes  in  vascular 
tissues,  and  through  this  indirectly  affects  metaboUc  changes. 
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XVn.— PHLORIZIN. 

The  most  obvious  effect  is  glycosuria.  This  must  naturally  have  a 
secondary  effect  on  metabolism.  We  must  also  inquire  whether  the 
phlorizin  has  any  direct  effect  apart  from,  and  independent  of,  the  loss 
of  sugar. 


A.— THE  BEHAVIOUR  OF  THE  SUGAR  IN  THE  BLOOD. 

Since  the  discovery  of  phlorizin  glycosuria — von  Mering  (1)  showed 
that,  in  contradistinction  to  other  known  kinds  of  glycosuria,  it  occurs 
with  an  unchanged,  or  even  a  diminished,  amount  of  sugar  in  the  blood — 
many  confirmatory  experiments  have  been  made  [the  blood  sugar  varies 
from  0'077  to  0*09  per  cent.  (2  to  7)].  But  the  conclusion  has  not  remained 
unchallenged,  as  sometimes  hyx>erglyc»mia  has  been  observed  (6  to  9). 
This  has  in  some  cases  [Wolen  (6)]  been  due  to  the  large  amount  of  blood 
withdrawn  (7,  10,  11,  66),  which  was  enough  in  itself  to  produce  hyjier- 
glycsBmia  in  the  remaining  blood.  Pavy  (6),  in  his  very  careful  experi- 
ments, was  only  able  to  demonstrate  a  very  slight  increase  (0-08  to 
0-149  per  cent.),  and  does  not  appear  to  attach  any  importance  to  it  as 
a  cause  of  the  glycosuria.  The  slight  increase  was  probably  due  to  the 
fact  that  the  cats  were  in  captivity.  Others  attribute  the  glycaemia  to 
the  large  amount  of  blood  withdrawn  in  some  cases ;  in  others,  exact 
details  are  wanting. 

We  can  therefore  regard  it  as  an  established  fact  that  the  glycosuria 
of  phlorizin  is  not  dependent  on  an  increased  amount  of  sugar  in  the 
blood ;  a  sUght  hyjierglycsBmia  not  casually  related  to  the  glycosuria 
may  occur. 


B.— THE  PROXIMATE  CAUSE  OF  THE  GLYCOSURIA. 

Von  Mering  supposed  that  the  formation  of  the  sugar  must  occur  in 
the  kidneys.  In  this  case,  after  extirpation  of  the  kidneys,  the  sugar 
in  the  blood  should  not  rise  above  normal.  This  has  been  shown  to  be 
the  case  (2),  in  contradistinction  to  what  happens  when  the  pancreas  is 
removed  (6,  7,  12,  13,  64). 

Furthermore,  birds  which  do  not  exhibit  glycosuria  as  a  result  of 
hypeiglyc»mia  (14)  regularly  excrete  sugar  after  phlorizin  (16),  which 
shows  the  independence  of  the  two  conditions. 
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Zuntz  (10)  demonstrated  the  part  played  by  the  kidney  in  a  very 
original  way.  He  injected  phlorizin  into  the  renal  artery  of  one  side, 
and  observed  that  this  kidney  first  excreted  sugar  into  the  urine.  Work- 
ing with  the  isolated  kidney,  Pavy  and  others  found  some  sugar  in  t^e 
urine  after  perfusion  with  phlorizin.  They  do  not  state,  however, 
whether  any  sugar  was  previously  present  in  the  urine.  It  is  necessary 
to  know  this,  as  small  amounts  of  sugar  are  said  (16)  to  have  been  obtained 
from  the  urine  after  perfusion  of  the  kidney  with  blood  which  were  not 
increased  by  the  addition  of  phlorizin.  Recently,  Brodie  (17)  has 
found  sugar  in  the  urine  after  perfusion  with  phlorizin  and  Ringer's 
solution  (frogs'  kidneys). 

The  general  results  are  rendered  more  difGicult  to  interpret  by  the 
observations  of  Levene,  and  Biedl  and  KoUsch,  who  found  a  slijg^tly 
higher  percentage  of  sugar  in  the  renal  veins  than  in  the  arteries — an 
amount  so  small  as  to  be  within  the  Limits  of  experimental  ^ror. 

In  the  first  place,  owing  to  the  presence  of  sugar,  there  may  hare  been 
an  increased  excretion  of  water,  and  estimations  of  the  dried  substance 
were  not  made.  In  the  next  place,  the  simultaneous  disturbance  of  the 
arterial  and  venous  circulation  might  easily  affect  pathologically  an  organ 
as  sensitive  to  changes  in  its  blood-supply  as  is  the  kidney. 


C— THE  ACTION  OF  PHLORIZIN  ON  THE  KIDNETSL 

As  the  amount  of  sugar  in  the  blood  is  not  increased,  an  increased 
permeability  to  sugar  in  the  kidneys  is  assumed  to  result  from  phlorizin. 
It  is  easy  to  say  this,  but  it  is  very  difGicult  to  get  a  satisfactory  idea  of 
how  it  happens.  Minkowski  (2)  thought  that  phlorizin  was  decom- 
posed in  the  kidney  into  phlorelin  and  phlorose ;  the  latter  was  excreted, 
and  the  former  combined  with  the  blood  sugar,  but  subsequently  the 
combination  was  broken  down,  and  so  on,  till  by  degrees  all  the  phloretin 
was  excreted  or  decomposed.  Hence  the  kidneys  were  assumed  to  have 
the  power  of  decomposing  glucosides.  It  has  long  been  thought  that 
the  kidney  contained  tissue  enzymes  (18,  19) — e,g.y  one  breaking  down 
hippuric  acid — and  Charlier  states  that  he  has  actually  found  that 
horse's  kidneys  can  break  up  phlorizin.  The  extracts  of  other  kidneys 
are  inactive  (5) ;  but  this  is  not  actually  against  Minkowski's  suggestion, 
as  possibly  the  effect  depends  on  the  life  of  the  kidney  cdls.  On  the 
other  hand,  the  fact  that  phloretin  is  less  powerful  than  phlorizin  may 
be  cited  as  against  the  correctness  of  the  theory  (20,  21). 

According  to  the  most  recent  view,  the  kidney,  by  means  of  the  action 
of  phlorizin,  is  enabled  to  detach  the  normally  combined  sugar  from 
its  combination,  and  thus  makes  its  excretion  possible.  Inde{>endent 
observers  have  arrived  at  this  conclusion  by  various  ways  [O.  Loewi  (22), 
Pavy  and  Siau  (5)].  Loewi  concluded  that  normally  the  sugar  existed 
in  the  blood  in  combination,  because  its  excretion  by  phlorizin  is  not 
increased  by  diuresis,  in  which  it  differs  from  grape-sugar  artificially 
injected  into  the  blood.    The  scope  of  this  article  will  not  allow  a  more 
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detailed  discussion  of  this  point.  No  objection  to  this  view  can  be  raised 
on  the  score  of  the  fact  that  blood,  when  dialyzed  against  protein  or 
protein-free  fluids,  can  be  rendered  free  from  sugar  (23,  24).  The  blood 
for  the  purpose  of  the  experiment  has  been  altered.  It  is  acid,  and 
defibrinated  (26,  26).  Probably  a  small  portion  of  sugar  is  normally 
free  in  the  blood,  and  thus  a  certain  equilibrium  is  maintained.  When 
this  is  removed,  the  equilibrium  is  disturbed,  and  can  only  be  restored 
by  some  of  the  combined  sugar  being  set  free. 

Brodie,  Pavy  and  Siau,  however,  think  that  the  action  of  phlorizin 
is  not  confined  to  this,  but  that  under  its  influence  not  only  is  sugar 
formed  from  its  combination  in  the  blood,  but  by  other  ways  also.  This 
suggestion  is  so  original  and  so  important  in  principle  that  its  experi- 
mental basis  will  need  detailed  examination. 

The  intestines,  including  the  liver,  were  isolated,  and  the  amount 
of  sugar  in  the  blood  estimated.  Phlorizin  was  then  injected,  and  the 
sugar  estimated  again  at  the  end  of  several  hours.  There  was  a  decrease 
in  the  amount  which  was  much  less  than  would  be  expected,  con- 
sidering the  amount  which  had  meanwhile  appeared  in  the  urine.  This 
appears  to  contradict  what  was  hitherto  r^arded  as  self-evident — 
namely,  that  the  sugar  in  the  urine  arises  solely  from  that  in  the  blood. 
The  following  result  was  particularly  notable — ^namely,  that  after  the 
isolation  of  the  intestines  the  sugar  in  the  blood  fell  almost  to  the  same 
extent  when  no  phlorizin  was  given  and  no  glycosuria  had  occurred. 

This  seems  to  show  that  the  sugar  in  the  urine  does  not  arise  from  that 
which  can  be  demonstrated  in  the  blood.  This  is  the  conclusion  of 
these  observers.  They  also  believe  that  the  kidneys  have  the  power  of 
forming  sugar  from  the  constituents  of  the  blood.  Either  the  sugar 
must  exist  in  the  blood  preformed,  but  flrmly  combined,  so  that  it  cannot 
be  estimated  by  our  ordinary  methods,  or  else  only  the  materials  for 
sugar  synthesis  are  present,  and  this  is  carried  out  in  the  kidneys. 

As,  however,  in  these  experiments  the  muscles  could  not  be  excluded, 
the  following  possibilities  must  be  taken  into  account :  To  cover  the  loss 
of  sugar  either  through  the  urine  after  phlorizin,  or  through  the  ordinary 
channels  of  consumption  without  phlorizin,  in  the  absence  of  the  usual 
compensating  action  of  the  liver,  only  the  muscles  can  be  employed. 
This  activity  is  not  sufficient  to  keep  the  sugar  at  its  normal  figure  (at 
the  end  of  the  experiment  it  was  lower  than  at  the  beginning),  but  would 
at  least  almost  cover  the  loss  of  sugar  by  the  kidney.  In  view  of  the 
fact  that  the  sugar  content  in  the  blood  was  no  higher  without  phlorizin 
than  with  it,  some  results  of  perfusion  of  the  excised  kidney  may  be 
compared  [Pavy]. 

1.  Perfusion  of  400  o.o.  blood  wiih  0*132  per  oent.  glnoose  (»0*528  gFamme).  Beeult 
after  three  and  a  half  hours  : 

140  0.0.  blood  with  0*066  per  oezit.  glnoo6e=s0*079  gramzne. 
125  0.0.  urine  with  0*415  per  oent.  gluooee =0-332        „ 

Total  0-411 

Loss  :  136  o.o.  blood  with  . .         . .      0-117 
In  this  oase  the  sugar  in  the  urine  was  fully  oompansated  by  that  in  the  blood. 
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2.  Perfaaed  :    300  o.o.  blood  with  0*106  per  cent,  ^uooee  =0-318  grMnme. 
BeooTeied :  160  o.c.  blood  with  0-036  per  oent.  glucose  =0-064 

860.0.  urine =0-340 

0-403 

Thus  0*403- 0*318 ssO'085  mmme  more  was  found  than  was  originally  pvesent  in  the 
blood.    The  sugar  in  the  kidneys  and  that  in  the  blood  contained  in  them  was  n^gligiUe. 

3.  Perfused  :     350  o.c.  blood  with  0*197  per  cent,  glucose =0-374  grammeu 
ReooTOied :  200  c.o.  blood  wifh  0*046  per  cent.  glucoee=0-006 

106  0.0.  urine =0-461        ., 

0-641 

Then  at  the  end  of  the  experiment  0*541  -0*374=0*167  gramme  glucose  more  was  found 
than  was  contained  in  the  blood  at  the  beginning  of  the  experiment. 

This  result  is  most  important,  and  can  only  be  interpreted  as  show- 
ing that  the  sugar  is  formed  from  the  blood  in  the  kidney,  for  a  little 
reflection  will  convince  us  that  no  previous  storage  of  a  precorsor  of 
sugar  could  exist  in  the  kidneys.  It  would,  however,  be  a  bold  thing  to 
found  an  important  fundamental  theory  on  so  few  experiments,  which, 
though  carried  out  very  carefully  and  accurately,  showed  such  small 
differences  in  the  resultant  figures.  Brodie  and  Cullis  (17),  however, 
have  recently  perfused  frogs'  kidneys  with  Locke's  solution,  which  does 
not  reduce,  and  contains  no  phlorizin,  and  have  obtained  a  body  in  the 
urine  which  reduced  Fehling's  solution. 

Levene  had  earlier  stated  that  sugar  was  formed  in  the  kidney, 
because,  by  injecting  phlorizin  into  one  kidney,  he  found  more  sugar 
there  than  in  the  other.  But  by  these  experiments  he  could  not  exclude 
the  possibility  of  the  excess  of  sugar  being  caused  by  the  retention  of  the 
saccharine  urine  in  the  kidney. 

We  cannot  now  exclude  the  possibility  that  phlorizin  causes  the 
kidney  to  form  sugar  from  other  material  than  its  combinations  in  the 
blood ;  but  Pavy  assumes  that  the  latter  f urmsh  the  main  source  for  the 
sugar  found  in  the  urine.  He  supports  this  view  by  the  important 
observation  that  in  his  perfusion  experiments,  when  the  secretion  of  sugar 
became  low,  it  could  again  be  raised  by  employing  fresh  blood.  Two 
observations  may  also  be  here  adduced.  Hedon  (27)  found  that  hyper- 
glycemia following  extirpation  of  the  pancreas  is  reduced  by  phlorizin, 
and  Lewandowsky  that  in  phlorizin  animals  bleeding  only  produced 
its  ordinary  effect  of  hyperglycemia  after  nephrectomy. 

On  the  other  hand,  the  fact  that  there  is  no  rise  in  the  sugar  in  the 
blood  after  extirpation  of  the  kidneys  without  a  considerable  ooUection 
of  glycogen  taking  place  in  the  muscles  and  liver  shows  that,  apart  from 
its  action  on  the  kidney,  phlorizin  does  not  primarily  increase  the  for- 
mation of  sugar  in  the  orgazusm  (unpublished  research  of  Minkowski). 

The  change  in  the  kidney  is  functional — that  is  to  say,  no  microscopical 
changes  can  as  yet  be  recognised.  A  few  observers  have  noted  gross 
pathological  alterations,  and  others  record  the  onset  of  albuminuria 
after  phlorizin  injections,  but  this  is  by  no  means  usual  (28,  29).  Loewi 
has  injected  dogs  every  day  for  months,  and  kept  them  under  ohaetvt^ 
tion  for  years  without  finding  the  least  trace  of  albumin  or  casts,  or  other 
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signs  of  kidney  damage,  in  the  urine.  In  the  cases  cited  there  may  have 
been  complications — ^probably  of  the  nature  of  septic  infection — ^which 
had  nothing  to  do  with  the  phlorizin  as  such. 

Spasms,  vomiting,  and  other  symptoms,  which  are  often  described  as 
the  results  of  phlorizin,  can  be  avoided,  even  in  experiments  lasting  for 
months,  by  care  in  performing  the  injections. 


D.— CONDITIONS  INFLUENCINO  THE  AMOUNT  OF  SUGAR 

EXCRETED. 

1.  The  Method  of  Administration. 

If  phlorizin  is  given  by  the  mouth,  the  sugar  excretion  is  decidedly 
less  [von  Mering].  Loewi  showed  that  the  cause  of  this  is  not  an  increase 
in  protein  destruction  and  sugar  formation,  but  the  fact  that  phlorizin 
is  comparatively  badly  absorbed  from  the  intestine  (21).  The  fact  that 
after  small  doses  (1  gramme)  no  unchanged  phlorizin  is  found  in  the 
intestine  does  not  tell  against  this  explanation  (31,  32).  The  drug  is 
broken  up  in  the  intestine,  and  the  resulting  product,  which  gives  rise 
to  glycosuria,  is  difficult  to  absorb.  There  is  no  evidence  that  the  sub- 
stance is  fixed  or  broken  up  in  the  liver — at  any  rate,  injections  given 
hypodermically  are  as  efficacious  as  those  given  directly  into  the  portal 
vein.  Apparently  phlorizin  acts  in  the  organism  as  such,  phloretin 
being  less  active. 

2.  The  Vehlde. 

It  has  been  shown  that  an  alcoholic  solution  (0-01  gramme  in  4  c.c. 
26  per  cent,  alcohol)  acts  more  powerfully  than  the  usual  soda  solution 
(1  gramme  in  10  c.c.  warm  1  per  cent,  soda)  (33). 


3.  Dosage. 

The  size  of  the  dose  is  of  considerable  importance  to  the  amount  of 
sugar  excreted,  which,  cceteria  partbua,  depends  upon  this.  Lusk  (34), 
following  a  suggestion  of  Cremer's  (30),  showed,  in  a  very  careful  research, 
that,  with  a  constant  diet,  a  maximal  excretion  was  obtained  with  three 
subcutaneous  injections  at  equal  intervals.  The  excretion  of  sugar 
could  not  then  be  increased  within  twenty-four  hours.  The  size  of  the 
single  doses  required  to  produce  a  maximal  effect  depends,  firstly,  on  the 
idiosyncrasy  of  the  animal,  and  must  be  determined  experimentally  in 
each  case ;  secondly,  on  the  amount  and  character  of  the  material  sup- 
plied for  sugar  formation — that  is  to  say,  after  the  most  effective  dose 
with  a  given  diet  has  been  determined,  an  increase  in  the  food  must  be 
made  as  well  as  an  increase  in  the  drug  (21).  The  type  of  sugar-pro- 
ducing material  is  also  of  importance  (36).  The  table  on  p.  1188,  which 
has  not  been  previously  published  in  full,  shows  how  complicated  are  the 
conditions. 
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A  dog,  weighing  25'6  kilogrammes,  was  given  an  injectian  of  i^iloozin 
and  200  grammes  meat  thrice  daOy  at  intervals  of  eight  hoars. 


Dote. 

NtifogtM, 

Sugar, 

Phlorizin. 

N 

Sugar' 

in  Sugar. 

, — 

1902. 

Om. 

Om. 

Om. 

Gm. 

March      9<10 

18-73 

64-40 

3x0-6 

1:2-9 





lO-U 

18-58 

60-87 

3x0-6 

1:2-7 





11-12 

20-70 

69-90 

3x1-0 

1 : 2-9 



12-13 

18-82 

65-96 

3x1-0 

1:3-0 





„        13-14 

— 

— 

— 

— 

NotaaalywL 

..        14-16 

18-73 

58-41 

3x1-0 

1:31 

— 



•.        16-17 

22-18 

67-86 

3x1-0 

1:3-0 

_ 



17-18 

17-89 

67-33 

3x1-0 

1:3-2 

— 



18-19 
r 

2206 

89-60 

3x1-0 

1:4-1 

17-9 

50    gm.    mig^ 
extra   in  one 
dose. 

„        19-20 

18-48 

60-84 

3x1-0 

1 : 3-3 





..        20-21 

20-38 

82-68 

3x10 

1:41 

16-4 

50    gm.    flogar 
extra  in  three 
doaea. 

..        21-22 

19-65 

63-18 

3x1-0 

1:3-2 





22-23 

18-70 

7800 

3x20 

1:4-2     ; 

— 

— 

.,        23-24 

2206 

101-40 

3x20 

1:4-7     1 

1 
1 

9-9 

50    gm.    sugar 
extra   in  one 

doee.                  , 

„        24-25 

18-96    , 

78-39 

3x2-0 

1:4-1     1 

— 

1 

„        25-26 

18-17 

79-10 

3x2-0 

1:4-2     ; 

1 

— 

—              • 

This  table  shows  the  depeodence  of  the  amount  of  the  sugar  excretion 
on  the  size  of  the  doee  of  phlorizin.  It  also  shows  clearly  the  influ^ice 
of  the  kind  of  material  from  which  the  sugar  is  formed.  On  March  18 
and  20,  60  grammes  of  glucose  were  added  to  the  diet,  and  the  sugar 
excretion  rose  to  89*6  and  82-79  grammes  respectiyely.  This  amount, 
apparently,  could  be  dealt  with  by  the  kidneys,  but  only  when  the 
glucose  itself  was  increased.  The  sugar  excretion  arising  from  meat  had 
amounted  to  between  66  and  68  grammes  per  diem  with  3  grammes  of 
phlorizin  ;  but  in  order  to  increase  this  to  a  like  extent,  the  dose  had  to 
be  increased  to  6  grammes.  The  cause  of  this  peculiar  diflFerence,  which 
has  not  previously  been  noted,  cannot  be  stated.  The  following  possi- 
bilities may  be  considered  :  The  formation  of  sugar  with  3  grammes  of 
phlorizin  may  have  been  as  great  as  with  6  grammes,  and  the  excretion 
only  have  been  less,  possibly  because  the  maximal  phlorizin  action  was 
not  simultaneous  with  the  sugar  formation,  and  so  a  part  of  tiie  latter 
was  oxidized ;  or  the  sugar  formation  may  have  been  less  with  3  grammes, 
so  that  less  was  passed  on  to  the  kidneys. 

No  definite  decision  can  be  made.  FinaUy,  we  must  remember  that 
sugar  may  reach  the  kidney  in  various  forms,  according  to  the  substance 
in  which  it  originates.  Comparing  Pavy's  views  as  given  above,  the 
difference  could  easily  be  understood  if,  with  him,  we  assume  that  the 
kidneys  do  not  only  excrete  sugar  from  the  preformed,  easOy  recog- 
nisable sugar  in  the  blood,  but  also  from  material  of  quite  another  kind. 
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The  power  of  thus  fonning  eugar  might  well  be  much  less  than  the  power 
of  splitting  off  the  preformed  sugar,  and  depend  entirely  on  the  severity 
of  the  poisoning,  which  possibly  cannot  exceed  a  certain  limit. 


4.  The  Dependence  of  the  Amount  of  Sugar  Bxeretlon  on  Diet. 
(a)  Starvation. 

Starving  animals  excrete  large  amounts  of  sugar  under  the  influence 
of  phlorizin.  Glycosuria  will  occur  even  after  ninety  days'  fast  [Lusk 
and  others  (36  to  38)]. 

With  regular  eight-hourly  subcutaneous  injections  there  is  at  first 
much  more  sugar  excreted  than  later,  when  the  amount  becomes  fairly 
regular  and  constant  (30).  This  constant,  however,  is  not  an  absolute 
one,  but  is  rather  relative  to  the  amount  of  nitrogen  simultaneously 
excreted.  The  increased  excretion  which  tckkes  place  at  first — as  is  also 
seen  after  extirpation  of  the  pancreas — ^is  commonly  regarded  as  a 
*'  flushing  out  "  of  the  sugar  present  in  the  organism,  whether  preformed 
or  derived  from  glycogen  as  a  result  of  the  loss  of  that  previously  present 
in  the  blood.  The  '*  flushing-out "  process  is  due  to  a  stimulation  of 
the  glycogenic  function  of  the  liver  by  the  low  sugar  content  of  the  blood, 
which,  again,  depends  on  the  excretion  of  sugar  in  the  urine.  As  a 
matter  of  fact,  no  glycogen  is  found  in  the  liver  when  phlorizin  glyco- 
suria is  at  its  height  {vide  swpra).  If  the  decrease  in  the  sugar  in  the 
blood  is  prevented  by  removal  of  the  kidneys,  a  considerable  amount  of 
glycogen  is  found  in  the  liver  (unpublished  research).  The  small  glycogen 
content  of  the  phlorizin  liver  has  been  much  disputed,  as,  under  certain 
circumstances,  noticeable  amounts  have  been  found.  It  is  of  importance, 
as  regards  the  elucidation  of  various  points,  to  decide  whether  the  liver  is 
free  from  glycogen  or  not,  and  so  it  will  now  be  discussed  in  more  detail. 
The  liver  of  starving  animals — or,  within  certain  limits,  of  animals  on  a 
flesh  diet — ^is  practically  free  from  glycogen  in  a  short  time — ^that  is  to 
say,  when  an  equivalent  amount  of  sugar  has  been  excreted.  Assuming 
that  the  maximal  action  of  phlorizin  is  maintained  (which  it  seldom  is, 
owing  to  the  inconvenience  of  making  injections  every  eight  hours), 
only  traces  of  glycogen  can  be  found  in  a  dog's  liver — ^namely,  0*08  to 
0-13  per  cent.  [Lusk  (34)],  and  0*04  to  0-08  per  cent.  [Loewi  (unpublished 
experiment)].  On  the  other  hand,  considerable  amounts  have  been  found 
when  the  drug  was  given  by  the  mouth,  or  when  the  full  toxic  action 
was  not  secured,  or  when  the  analysis  wm  made  during  the  decline,  and 
not  at  the  height,  of  the  process.  In  this  case,  as  is  well  known,  fresh 
glycogen  is  formed  (40  to  43).  Glycogen  may  very  easily  be  demon- 
strated in  larger  amounts  when  narcotics  are  employed  which  prevent 
its  utiUzation  by  the  organism. 

That  this  is  the  rationale  of  the  initial  increase  in  the  sugar  excretion 
is  shown  by  the  fact  that  a  transient  increase  in  sugar  excretion  occurs 
when,  after  a  submaximaJ  dose,  the  amount  of  phlorizin  is  increased, 
while  the  diet  remains  constant.  This  sugar  represents,  of  course,  the 
amount  which  has  escaped  oxidation  during  the  intervening  period. 


( 
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The  amount  of  sugar  excretion  daring  starvation  corresponds  to  Uie 
nitrogen  excretion,  being  at  first  constant,  but  rising  just  before  deatJi. 
This  means  that,  as  a  rule,  in  the  same  animal  the  ratio  between  nitiogen 
and  sugar  excretion  is  practically  constant.  In  dogs  it  is  generally 
1  :  3*76.  In  some  experiments  considerable  variations  have  been 
found,  the  extremes  being  2*75  and  4*2.  The  cause  of  these  variations 
is  unknown.  The  lower  amounts  have  been  attributed  to  a  damaged 
condition  of  the  kidney.  There  is  no  doubt  that  kidney  lesions  influ- 
ence the  amount  of  sugar  excretion  in  phlorizin-poisomng  (44  to  46), 
as  in  other  forms  of  glycosuria  (47).  But  we  must  not  consider  this  the 
cause  of  aU  the  low  ratios  of  sugar  to  nitrogen.  The  facts  that  in  oertain 
animals  the  sugar  output  is  low  from  the  first,  and  remains  low  through- 
out, and  that  often  no  traces  of  any  kidney  lesion,  such  as  albnminaria 
or  casts,  can  be  found,  negatives  this  view,  which  was  originally  put 
forward  by  Lusk  and  Stiles  (48). 

In  oats  (39),  goats,  and  rabbits,  the  ratio  of  sugar  to  nitrogen  is 
generally  1 : 2-8.  The  cause  of  this  difference  between  dogs  and  other 
classes  of  experimental  animals  is  obscure. 

When  we  deal  with  the  influence  of  various  classes  of  food-stofi 
on  the  amount  of  sugar  excretion,  we  shall  be  in  a  position  to  determine 
from  what  material  the  sugar  excreted  during  starvation  arises. 

(b)  Diei. 

In  order  to  estimate  the  influence  of  any  particular  food-stuff  on  the 
amoimt  of  sugar  excretion,  it  is  essential  that  the  phlorizin  should  pro- 
duce a  maximum  effect,  and  that  the  substance  to  be  tested  should  not 
be  given  until  a  constant  sugar  excretion  has  been  obtained.  Other- 
wise it  is  impossible  to  decide  whether  the  whole  or  part  of  the  food- 
stuff is  not  used  up  in  the  organism  itself,  either  immediately  or  as  a 
reserve.  The  food-stuff,  again,  must  not  be  given  to  an  animal  which 
has  already  reached  the  highest  possible  limit  of  sugar  excretion. 

(i.)  Cartx^iydrate. 

Glucose  added  to  the  diet,  or  injected  subcutaneously  under  the  con- 
ditions mentioned  above,  increases  the  sugar  excretion.  With  doses 
of  24  grammes  the  increased  output  about  corresponds  to  the  intake. 

Example:  Bitch;  1 '6  grammes  phlorizin  thrice  daily;  May  5,  1901; 
starved. 


Date, 

Injection. 

Nitrogen. 

Svifar. 

Ratio. 

Renutrks. 

Om. 

om. 

[I 

315 

10-92 

1:3-4 



June  12  .. 

'   2 

3*29 

10-63 

1:3-2 

""~ 

. 

u 

3-22 

10-92 

1:3-3 

9  gm.  gluoofle  by! 
CBSophageal  tube , 

f  1 

2-86 

19*11 

1:6-6 

— 

M     13.. 

2 

2-02 

10-53 

1:3-6 



I  3 

2  09 

10-53 

1:3-8 

— 
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With  doses  of  50  grammes  only  a  portion  reappears  in  the  urine,  even 
when  the  phlorizin  is  increased.  What,  then,  happens  to  the  remainder 
which  is  not  excreted  ?  It  is,  apparently,  disposed  of  in  the  ordinary 
manner — ^that  is,  used  when  wanted,  and  when  not  wanted  is  stored 
up.  The  difference  in  the  fate  of  large  and  small  doses  of  sugar  can  be 
explained  as  follows  :  The  power  of  the  kidney  to  split  off  sugar  from  the 
material  which  is  circulating  in  it  is,  of  course,  limited.  At  first  this 
material  is  the  sugar  in  the  blood.  When  the  proportion  in  the  blood 
falls  owing  to  excretion,  the  liver  converts  glycogen  till  the  normal 
amount  is  restored.  This  continues  as  long  as  the  kidney  excretes  sugar, 
and  when  all  the  glycogen  in  the  liver  is  used  up,  other  organs  supply  the 
material  for  sugar  formation.  The  rapidity  with  which  the  sugar  lost 
in  the  urine  is  replaced  depends,  of  course,  on  the  activity  of  sugeur  for- 
mation and  the  metabolism  of  the  organs.  With  a  certain  amount  of 
poisoning,  apparently  the  sugar  supply  is  not  as  much  as  the  kidney  is 
capable  of  managing.  If  more  sugar  is  introduced  by  the  mouth,  the 
replacement  of  blood  sugar,  of  course,  takes  place  more  rapidly  than  * 
before,  more  sugar  reaches  the  kidney  in  a  given  time,  and  more  is 
excreted.^  When  the  excreting  capacity  of  the  kidney  is  exceeded,  the 
sugar  must,  as  has  been  pointed  out,  either  be  utilized  in  the  ordinary 
way,  or  remain  unoxidized,  owing  to  some  secondary  disturbance  uncon- 
nected with  the  renal  function.  The  following  facts  render  the  second 
view  untenable  :  Large  doses  of  sugar  in  phlorizin-poisoning  are  capable 
of  sparing  protein.  When  the  poisoning  is  insufficient,  an  addition  to 
the  dose  does  not  produce  a  greater  excretion  of  sugar;  and,  lastly, 
after  extirpation  of  the  kidneys,  the  sugar  in  the  blood  does  not  increase, 
though  there  is  no  noticeable  accumulation  of  sugar  in  the  liver. 

In  addition  to  glucose,  laBvulose  and  galactose  cause  an  increase  in 
the  sugar  excretion  which  corresponds  to  their  dextrose  moiety. 

Throughout  it  has  been  tacitly  assumed  that  sugar  taken  in  as  food 
affords  immediate  material  for  excretion,  and  not  that  it  is  really  oxidized 
at  once,  so  rendering  material  from  other  sources  available  for  sugar 
excretion.  This  latter  assumption  is  unnecessary,  since  it  has  been 
shown  that  glycogen  accumulates  in  the  liver  when  it  is  perfused  with 
blood  containing  sugar  in  solution  (49). 


(ii.)  Fat. 

Neither  free  fatty  acids  (50)  nor  their  glycerides  increase  sugar  excre- 
tion. The  apparently  contradictory  experimental  results  (51)  are  not 
of  any  great  importance,  as,  in  the  first  place  the  figures  vary  excessively, 
and,  in  the  second  place,  as  Lusk  and  Stiles  rightly  remark,  the  inges- 
tion of  enormous  quantities  of  fat  may  well  have  set  up  marked  fatty 
acid  diarrhoea,  whereby  glycerin  would  be  set  free  for  the  formation  of 
sugar,  a  process  undoubtedly  possible  (52,  53). 

^  We  need  not  suppose  that  small  amoonts  of  sugar  in  phlorizin-poisoning  oiroulate 
in  an  nnoxidizable  form  (48),  which  would  imply  some  disturbanoes  quite  independent 
of  the  aotion  of  the  kidneys. 
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(iii.)  Protein  and  its  Derivatives, 

If  protein  is  given  to  a  fasting  animal  after  poisoning  it  with  phlormn 
and  estimating  the  sugar  excretion,  the  excretion  rises  with  that  of  the 
nitrogen,  and  in  a  constant  ratio.  This  ratio  is  the  same  as  that  which 
obtains  during  starvation.  We  cannot  at  present  say  whether  all  forms 
of  protein  behave  in  the  same  manner.  Casein,  egg-white,  and  fibrin, 
have  hitherto  been  investigated  (66).  Oelatin  added  to  the  diet  has  the 
same  effect  as  albumin.  Conjugated  proteins,  the  combined  end-pro- 
ducts of  pancreatic  digestion  (61),^  and  amino-acids  also  raise  the  sugar 
excretion.  Only  leucin  and  asparagin  have  been  tested,  but  the  others 
probably  act  in  the  same  way,  as  glycocoU  and  alanin  in  pancreatic 
diabetes  increase  the  glycosuria  like  asparagin.  Uric  acid  has  no  influ- 
ence on  sugar  excretion.  How  protein  diet  increases  glycosuria  is  one 
of  the  most  debated  points  in  metabolism.  The  following  are  possible 
hypotheses : 

1.  Protein  is  a  direct  antecedent  of  sugar — ^that  is,  a  part  of  it  either 
alone  or  in  conjunction  with  parts  of  the  cell  protoplasm  can  give  rise 
synthetically  to  sugar.  This  is  not  only  a  separating  out  of  a  preformed 
carbohydrate  group,  as  such  a  group  is  absent  in  many  proteins  which, 
nevertheless,  increase  glycosuria ;  and  in  other  forms  of  protein  this 
increase  is  greater  than  would  correspond  to  the  amount  of  carbohydrate 
calculated  to  be  present. 

2.  Protein  is  an  indirect  antecedent  of  sugar.  As  protein  increases 
glycosuria  in  glycogen-free  animals  poisoned  by  phlorizin,  an  indirect 
action  can  only  mean  that  it  causes  a  formation  of  sugar  from  fat  or  from 
some  unknown  substance.  The  possibility  of  this  cannot  be  denied, 
though  it  appears  hardly  probable  (57).  It  need  not  be  further  dis- 
cussed here,  as  it  is  dealt  with  in  two  other  places  [Magnus-Levy  (54), 
von  Noorden  (55)]. 

Certainly  no  overwhelming  evidence  exists  either  for  the  direct  or 
indirect  formation  of  sugar  from  protein.  Embden's  recent  and  remark- 
able researches  are  of  much  importance  in  this  connection,  as  they  show 
how  carbohydrate  can  be  formed  from  fat  as  well  as  from  protein  (56). 


E.— PROTEIN  METABOLISM. 

It  is  obvious  that  an  extreme  carbohydrate*  loss,  such  as  can  only  be 
induced  by  phlorizin  under  conditions  of  inadequate  nourishment, 
must  considerably  afiFect  protein  metabolism.  On  the  one  hand,  the 
loss  of  sugar  occasions  a  loss  of  fuel,  which  must  be  made  up  by  protein ; 
and,  on  the  other  hand,  some  special  damage  is  probably  set  up,  owing 
to  the  cell  protoplasm  having  lost  the  power  of  seizing  and  retaining  one 
of  its  constituent  groups. 

^  These  eiye  the  same  ratio  of  sugar  to  nitrogen  as  meat. 

*  In  healthy  persons  the  withdrawal  of  oar£>hydrates  from  the  diet  does  not  aheo- 
lutely  denrive  the  organism  of  carbohydrate,  as  the  albuminoid  bodies  (in  the  widest 
sense  of  tne  term)  oontckin  appreoiable  amounts. 
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Besides  this,  however,  a  primary  disturbance  may  be  occasioned  by 
phlorizin  somewhat  similar  to  that  set  up  by  phosphorus.  We  will 
now  consider  if  there  is  any  ground  for  this  assumption. 

The  question  can  only  be  answered  by  experiments  in  which  we  can 
be  sure  that  we  are  deiJiing  solely  with  the  action  of  phlorizin.  This 
can  be  secured  by  administering  the  drug  per  os.  To  this,  however,  there 
is  the  objection  that  it  does  not  produce  so  marked  an  action  as  sub- 
cutaneous injection.  The  latter  requires  most  laborious  observation  if 
all  the  possible  complications  are  to  be  excluded. 

One  of  the  most  important  is  the  rise  of  temperature  which  frequently 
occurs,  which  of  itself  gives  rise  to  increctsed  protein  katabolism.  The 
following  table  illustrates  the  differences  in  the  two  forms  of  administra- 
tion (21) : 

Large  bitch,  weight  17*67  kilogrammes.  Catheter  every  twenty- 
four  hours.  Food,  500  grammes  meat  (16  grammes  nitrogen).  Water 
ad  Kb. 


Date. 

Amouni 
U^ne, 

NUrogen, 

Sugar. 

Bemarks. 

Tempera- 
ture, C. 

PerDtom. 

Avenge. 

Per  Diem. 

Total 

1900. 

o.a 

On. 

Om. 

Om. 

Gm. 

January  14 

290 

12*94 

— 

— 

— 





15 

345 

14-67 

■ 

— 

— 





16 

480 

14-17 

- 14-46- 

-— 

— 





17 

340 

14-46 

— 

— 





18 

420 

14-50 

. 

— 

— 

— 

38-4« 

19 
..        20 

465 
480 

16-01 
1612 

}  16-06  [ 

:  18-72 
.2808 

j  62-8- 

3x2grammee 
phlorizin 
peroa 

\38-6» 
j  38-5** 

21 

300 

14-70 

600 

— 

— 

38-9» 

22 

320 

16-68 

— 

— 

— 

38-3'' 

23 
24 

380 
600 

14-66 
16-08 

-14-94' 

— 

— 

— 

38-4« 
38-3» 

26 

600 

1400 

— 

— 

— 

38-6*» 

26 

470 

16-83 

— 

— 

— 

38-3*» 

.,        27 
28 

830 
490 

17-86 
16-97 

}  17-43  { 

90-48 
35-88 

1 126-4- 

3x2grammee 
phlorizin 
Buboutane- 
onsly 

38-3^ 
■39-6** 

M        29 

316 

12-94 

— 

— 

— 

38-6« 

30 

400 

16-67 

■14-77 

— 

— 

— 

38-3*» 

31 

390 

16-79 

- 

~~ 

— 

— 

38-4* 

The  result  of  the  first  method  of  giving  phlorizin  shows  that  with 
an  adequate  diet  an  effective  dose  of  phlorizin  is  without  influence  on 
the  protein  katabolism.  Substances  like  phosphorus,  which  have  a 
primary  action  in  increasing  it,  do  not  give  a  result  like  this.  Moritz 
and  Praussnitz  (58)  obtained  like  results  by  means  of  very  exact  experi- 
ments, and  came  to  the  conclusion  that  protein  metabolism  was  not 
affected  in  starved  animals.  When  the  diet  is  sufficient  to  make  up  for 
the  loss  of  calories,  no  protein  loss  occurs.  Carbohydrates  and  fats  have 
the  same  protein-sparing  action  as  in  normal  animals. 
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When  phlorizin  is  given  sabcataneoudy  the  protein  kataboliam  is 
not  raised,  except  when  the  diet  is  inadequate.  If  this  were  invariably 
the  case,  we  might  assume  that,  apart  from  complications,  phlorizin 
had  no  specific  action,  as  there  is  always  the  possibility  that  it  is  not 
absorbed  in  the  same  form  subcutaneously  as  from  the  stomach.  But 
in  many  cases  the  nitrogenous  equilibrium  is  not  disturbed.  The  follow- 
ing figiu*e8  show  what  considerable  variations  may  occur  : 


AiOhar, 

Food. 

Aninud. 

Weight. 

AvtTtige  jier  u%CK%m 

mtnfii. 

8,^.         . 

LuBk      { 
Loewi    { 

Meat  300  grammfiB 
„     300 
„     600 
M     600 

..    A 
.,    A 

21-4 
27-3 
21-1 
240 

Gm. 
18-3 
11-9 
31-7 
19-1 

Gnu 

69-3         > 
45-4 
98-0 
68-8 

The  table  quoted  on  p.  1188  also  shows  that  nitrogenous  equilibrium 
may  remain  undisturbed.  There  is  no  analysis  of  the  faeces,  but  this  is 
unnecessary  with  subcutaneous  injections. 

We  must  therefore  conclude  that  phlorizin  has  no  toxic  x>ower  of 
producing  protein  decomposition.  When  increased  protdn  excretion 
is  noticed,  it  is  secondary  either  to  loss  of  sugar  or  to  complications  such 
as  pyrexia. 


P.— GENERAL  METABOLISM. 

The  results  of  a  number  of  investigations  show  that  no  change  is  pro- 
duced by  phlorizin,  but  the  results  are  not  above  suspicion  (13,  GO, 
80,  61). 

Lusk  compared  the  total  metabolism  of  a  starving  dog  before  and 
after  phlorizin  : 


Namal  Dog. 

Phlorizin  Dog. 

Protein. 

Fati 

Total 

Qm. 
606-81 

Protein. 

Fkt 

Oxidized  .. 
Calorie  value 

Gin. 
2019 
80-68 

Om. 

55-87 

52613 

Gm. 

67-38 

124-08 

Gm. 

6M6 

48109 

605-77    1 

Lusk  and  MandePs  results  were  similar.    The  experiment  began  on 
the  fifth  day  of  starvation. 

^  Calculated. 
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Ca/rbohydraU, 

Caloriea. 

DaU. 

Nitro- 
gen. 

Oalcu. 

Food, 

In 

Bz. 

Total 

lated 

From 

Vtooi 

Ttotal. 

Urine. 

plred. 

from 
I>^t. 

Protein. 

Fat. 

1903. 

February  20 

1-86 

1-35 

32-21 

33-56 

27-46 

46-2 

3380 

384-2 

Starved. 

..        21 

1-63 

M2 

30-96 

3208 

2703 

38-3 

332-7 

3710 

jj 

„        22^ 

3-83 

8-39 

28-93 

37-32 

24-60 

44-2 

302-8 

3470 

>» 

„        231 

7-00 

15-24 

29-96 

45-20 

22-29 

80-2 

274-4 

354-6 

»        24^ 

12W 

26-76 

31-05 

63-83 

21-26 

161-9 

261-7 

423-6 

300  gm.  fat. 
f300gm.fat. 

„        26» 

11-22 

23-21 

38-78 

61-96 

25-15 

140-4 

309-5 

449*9 

-      309  gm. 

meat. 

26^      6-64 

1 

14-63 

33-78 

48-30 

26-45 

76-5 

325-6 

402-1 

Starved. 

The  estimation  of  the  calories  in  both  experiments  was  made  on  the 
supposition  that  no  oxidation  of  sugar  took  place. 

Both  showed  that  the  calorie  values  were  practically  unaltered,  the 
increased  excretion  of  unoxidized  sugar  in  the  urine  being  fully  compen- 
sated by  an  increased  protein  katabolism.  The  oxidation  of  fats  was 
always  decreased. 

A  further  experiment,  on  the  other  hand,  gave  the  following  result : 

DoO  WKIOHINO    17-6  KiLOOBAMMBS. 


Dale. 


'   1903. 

Ainnl20 
»     22* 
M     23* 


NUro- 
gen, 


414 

16-50 
12-75 


Carbohydrate. 


I 

a 


3-02 
31-76 
27-89 


60-80 
70-22 
67-26 


63-82 

101-98 

95-15 


50-20 
54-28 
53-20 


Caloriea. 


103-42 
166-90 
144-75 


i 


617-98 
668-18 
656-12 


I 


721-38 
835-08 
800-87 


Food, 


Starved. 

50  gm.  meatf 
100  gm.  fat. 


Here  the  calories  used  up  under  the  influence  of  phlorizin  showed  an 
increase,  and  at  the  expense  of  the  protein. 

The  table  on  p.  1196  gives  the  result  of  an  experiment  by  Rubner. 

Here  again  was  an  average  rise  of  32*2  calories.  Rubner  calculated 
that  the  increase  corresponded  to  the  amount  of  heat  set  free  by  the 
extra  protein  katabolism  on  the  days  when  phlorizin  was  administered. 

The  general  conclusion  is,  then,  as  follows :  The  loss  of  calories  due 
to  the  sugar  excretion  is  made  up  for  by  increased  protein  katabolism. 
As  every  increase  in  protein  katabolism  increases  the  heat  production 
(the  specific  dynamic  action  of  protein),  so  oxidation  processes  in  phlor- 
izin glycosuria  are  raised  only  in  correspondence  with  the  amount  of 

^  Phlorisiii. 
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increased  protein  katabolism.    There  is  no  specific  action  on  katabolism 
apart  from  the  effect  of  increased  sugar  excretion. 


Doo  wnaHXHo 

10  KiLOORAMMBS. 

Day  of 

Nitro- 

Carbohydrate, 

Calories. 

1 

J 

"2*4    1 

1 

Starvation, 

gen. 

1 

1 

i 

II 

1 

t 

1 

1 

1 , 

6 

310 

2-26 

0-07 

41-20 

441 

34-3 

77-6 

421-8 

499-3  > 

7 

2-51 

1-86 

007 

37-40 

40-2 

320       62-7 

393-6 



456-3 

8« 

6-00 

4-40 

0-07 

61-80 

66-0 

37-2     160-0 

440-6 

23-93 

eoo-i 

9» 

7-71 

5-50 

0-07 

52-01 

50-1 

33-8     192-6 

416-7 

23-40 

530-3 

G.— FATTT  INFILTRATION  OF  THE  ORGANS. 

The  liver  is  remarkably  rich  in  fat  (63).  As  against  a  normal  fat 
content  of  about  10  to  15  per  cent,  (reckoned  as  dry  substance),  in 
phlorizin  livers  as  much  as  25  to  75  per  cent,  has  been  found.  <rhis 
disappears  spontaneously  when  the  poison  is  withheld,  or  when  there  is 
a  plentiful  supply  of  glycogen-forming  meat  or  sugar.  An  interchange- 
ability  between  fat  and  glycogen  has  been  suggested,  as  the  fat  makes 
its  appearance  just  when  the  glycogen  has  disappeared.  As  with  phos- 
phorus-poisoning, the  more  intimate  changes  which  occur  are  obscure. 
Numerous  experiments  with  mutton-fat  show  that  the  substance  is 
brought  into  the  liver  from  without.  No  infiltration  of  the  lungs  or 
kidneys  occurs. 

H.— ACIDOSIS. 

Acetone  bodies  occur  in  the  urine  of  men  and  monkeys  (67)  as  soon 
as  the  carbohydrates  in  the  diet  fail.  This  does  not  occur  in  dogs  or 
such  other  animals  as  have  hitherto  been  observed  unless  there  is  still 
further  loss  of  sugar.  Recent  confirmatory  experiments  have  shown 
that  in  addition  there  must  also  be  a  loss  of  nitrogenous  equilibrium 
(1,  60),  as  when,  together  with  the  phlorizin-poisoning,  there  is  a 
deficiency  in  protein  nourishment. 


Summary, 

Phlorizin  produces  an  excretion  of  sugar  by  means  of  its  special 
action  on  the  kidneys,  in  consequence  of  which  the  liver  loses  its  glycogen 
and  becomes  the  seat  of  fatty  infiltration.  There  is  also  a  loss  of  calories, 
owing  to  the  excretion  of  sugar,  which  is  covered  by  increased  protein 
katabolism.  There  is  no  evidence  of  any  disturbance  independent  of 
the  action  on  the  kidneys. 

^  After  deduoting  eugar  oalories.  *  Fhlorisin. 
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CHAPTER  XV 
THE    mFLUENCE    OF    LIGHT    ON    METABOLISM 

Bt  HUGO  SALOMON. 

Tranblatsd  bt  W.  Kxmnbth  Wills,  M.A,  M.B.,  B.C. 

Tms  section  deals  with  the  action  of  that  radiant  energy  under  whose 
influence  we  pass  the  greater  part  of  our  life,  and  which  the  retina  is 
able  to  appreciate  as  light,  rather  than  with  the  coarser  efiFects  and 
mechanical  forces  which  affect  the  organism. 

It  has  long  been  known  that  growth  in  the  vegetable  world  is  dependent 
upon  light,  and  from  analogy,  as  well  as  from  the  law  of  the  conservation 
of  energy,  it  is  evident  that  the  ether  waves  which  penetrate  the  tissues 
— ^at  least,  so  far  as  they  are  absorbed — result  in  other  forms  of 
energy,  such  as  warmth,  electrical  phenomena,  or  chemical  changes. 
These  processes,  which  result  in  the  animal  body  from  irradiation,  are 
but  little  understood,  and  our  knowledge  of  them  is  less  complete  than 
that  of  the  corresponding  effects  on  plant  life.  That  this  is  so  can 
readily  be  understood,  for  the  simpler  the  organization  the  more  easily 
can  the  life  processes  be  investigated.  The  development  of  compli- 
cated nervous  and  motor  systems  in  animals  must  necessarily  complicate 
the  forces  at  work  in  them.  Moreover,  the  simpler  organisms  are  more 
amenable  to  physiological  experimentation. 

On  these  grounds  it  may  be  an  advantage  to  cursorily  consider  the 
whole  biological  question,  and  to  review  in  detail  the  response  of  some 
of  the  elementary  organisms  to  the  stimuli  at  present  under  discussion. 


I.— THE  PENETRATING  POWER  OP  LIGHT. 

A.— ORGANIC  TISSUEa 

In  order  to  maintain  that  light  produces  effects  in  the  body,  it  must 
be  conceded  that  penetration  occurs.  No  one  will  doubt  but  that  light 
penetrates  the  outer  layers  of  unicellular  organisms ;  it  is  also  certain 
that  the  cellular  parts  of  the  higher  plants  are  so  arranged  that  their 
extremities,  such  as  the  leaves,  present  sufficient  surface  to  ensure  an 
easy  penetration  of  light. 

The  first  investigation  into  the  conditions  obtaining  in  animals 
begins  with  Qodneff  (1),  who  placed  capillary  glass  tubes  charged  with 
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chloride  of  silver  under  the  skin  of  dogs  and  cats,  and  also  under  the 
prepuce  in  man,  and  found  that  blackening  by  light  occurred. 

Onimus  (2)  utilized  a  human  hand  \)f  26  to  30  millimetres  tfaicknesB, 
and  obtained  a  distinct  impression  on  an  orthochromatic  plate  with  an 
exposure  of  five  minutes. 

Sarason  and  Darbois  (3,  5),  by  means  of  concentrated  light  from  a 
50-ampere  arc-lamp,  produced  blackening  on  a  plate  held  in  the  mouth 
in  one  minute. 

When  Pinsen  (4)  made  the  pinna  of  a  human  ear  anaemic,  and 
directed  concentrated  sunlight  upon  it,  he  obtained  a  photographic  effect 
after  twenty  seconds  ;  but  when  blood  flowed  freely  through  that  organ 
there  was  no  effect,  even  after  five  minutes. 

The  most  exact  and  comprehensive  experiments  were  those  of 
G.  Busck  (6).  He  produced  results  on  an  isochromatic  plate  in  t«i 
seconds  with  concentrated  sunlight  through  a  hand  though  the  weather 
was  not  bright. 

The  concentrated  light  of  a  carbon  arc-lamp  of  70  amperes  and 
50  volts  acted  through  the  middle  of  the  hand  (2-8  centimetres)  in  one 
second,  but  was  much  slower  in  other  parts  —  e.g.,  the  wrist-joint 
(3-7  centimetres)  in  four  minutes.  As  he  obtained  uniformly  negative 
results  with  the  most  sensitive  plates  in  trying  to  pass  light  through 
the  forearm  (5-6  centimetres),  Busck  concluded  that  it  was  useless  to 
look  for  translucency  through  denser  parts  of  the  body.  Yet  light  can 
be  seen  through  considerable  thickness  of  tissue — as,  for  instance,  in 
transillumination  of  the  stomach. 

All  investigators  who  have  considered  this  question  are  now  in  agree- 
ment that  only  the  red-yellow  Ught  rays  have  any  great  penetrating 
power,  and  that  the  blue-violet  rays  do  not  reach  the  deep  parts 
ataU. 

Pinsen,  who  also  paid  attention  to  this  point,  had  ahready  shown, 
in  1899,  that  the  short-waved  rays  penetrate  further  into  ansemic  than 
into  blood-cont£dning  tissues.  Even  with  very  thin  membranes  a  high 
absorption  takes  place.  This  was  confirmed  by  Drossbach  (7)  for  fowls, 
and  Preund  (8)  for  the  blebs  of  bums  and  pemphigus. 

Purther  knowledge  on  this  point  is  gained  from  researches  on  the 
bactericidal  power  of  light,  for  the  most  extreme  ultra-violet  rays  are  the 
strongest  in  bactericidal  power.  Jansen  (9)  maintained  the  opinion  that 
concentrated  electric  light  exercises  a  bactericidal  power  up  to  a  depth 
of  1^  millimetres  of  anaemic  skin,  and  an  inhibitory  action  upon  growth 
up  to  4  millimetres.  This  power  appeared  to  be  due  to  the  inner  ultra- 
violet rays  of  406  to  322  millimetres,  and  to  the  blue- violet  rays ;  the 
outer  ultra-violet  rays  had  been  absorbed  under  the  conditions  of  Uie 
experiment. 

Busck  (10),  who  worked  with  ears  of  rabbits  not  rendered  ansemic, 
came  to  the  following  similar  conclusions  :  The  curve  of  the  penetrating 
power  of  the  various  kinds  of  rays  starts  from  the  most  extreme  ultra- 
violet, where  the  penetrating  power  is  peculiarly  small,  and  passes 
through  the  inner  ultra-violet  and  the  coloured  psirt  of  the  spectrum ; 
the  rise  continues  to  somewhere  in  the  ultra-red  end,  where,  accordingly, 
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the  maximum  for  the  penetrating  power  exists.  In  the  outer  part  of  the 
ultra-red  the  curve  drops  again. 

About  22  per  cent,  of  the  red-yeUow  rays  pass  through  the  con- 
gested rabbit's  ear,  about  16  per  cent,  of  the  white  light  of  an  incan- 
descent lamp,  but  only  about  1  per  cent,  of  the  blue-violet,  and  none 
of  the  ultra-violet. 

The  importance  of  these  investigations  permit  extensive  conclusions 
to  be  drawn.  In  the  first  place,  there  is  no  absolute  necessity  that  a 
force  must  penetrate  deep  into  the  tissues  in  order  to  exert  its  influence. 
Indeed,  the  chemical  rays  exert  a  marked  influence  on  the  skin  through 
which  they  pass  (11).  Although  we  have  reason  to  ascribe  to  the  short 
wave-length  rays  a  marked  influence  on  the  metabolism  of  the  tissues, 
we  must  not  deny  to  the  red-yellow  rays  any  action  merely  because  we 
are  as  yet  ignorant  of  the  means  by  which  they  play  an  important  part 
in  the  life  of  plants. 


B.— CLOTHIHa 

Boubnoff  (12)  concludes  from  his  investigations  upon  the  penetra- 
bility of  human  clothing  for  Ught  that  the  animal  and  vegetable  substances 
which  are  used  for  clothing  are  permeable  to  the  chemically  acting 
rays  of  sunlight.  Uncoloured  materials  are  more  easily  permeated  than 
coloured  ones.  Black  cloths  are,  ccBteria  paribtut,  less  permeable  than 
others.  The  transmissibility  of  the  chemical  rays  depends  mainly  upon 
the  colour  and  thickness  of  the  material,  and  seems  to  vary  very  little 
with  the  source  of  the  chemical  rays.  It  is  the  same  whether  the  rays 
are  derived  from  diffused  daylight  or  from  the  sun  (13). 

As  far  as  man  is  concerned,  however,  the  influence  of  the  clothes 
must  not  be  rated  too  highly,  the  blood-stream  in  the  uncovered  parts  of 
the  body  is  constantly  subjected  to  the  influence  of  the  light,  and  then 
courses  to  other  parts  of  the  body. 


II.— THE  mPLUENCE  OP  LIGHT  ON  DEVELOPMENT, 
PROPAGATION.  AND  CELL  LIFE. 

A.— BACTERIA. 

The  best  outline  of  our  knowledge  on  the  influence  of  Ught  on 
bacteria  was  published  in  the  year  1878  by  Downes  and  Blunt  (14). 

It  is  generally  agreed  that  light  (sunUght,  diffused  daylight,  electric 
light)  exerts  a  harmful  action  upon  bacteria,  in  proportion  to  its  intensity 
of  producing  arrest  of  development,  lessening  their  virulence,  or  pro- 
ducing death  (15).  This  inimical  influence  is  derived  especially  from 
the  most  refrangible  rays  of  the  spectrum,  but  also  from  others. 

Of  further  biological  interest  was  Roux's  discovery  that  in  bouillon 
exposed  for  more  than  an  hour  to  light  anthrax  spores  would  not 
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germinate,  although  the  organism  itself  could  still  be  grown  on  fresh  culture 
medium.  The  question  assumed  a  more  important  form  when  Richard- 
son (15)  showed  in  1893  that  on  raying  urine  peroxide  of  hydrogen  was 
developed — a  material  to  which  he  attributued  the  bactericidal  power 
of  light — ^and  these  experiments  were  confirmed  in  principle  by  IMeu- 
donn6  and  Kruse.  Bie  showed  that  peroxide  of  hydrogen  was  only 
produced  when  the  fluids  contained  organic  nitrogenous  compounds, 
but  that  the  bactericidal  power  of  light  appeared  also  in  quite  indifferent 
media,  such  as  in  distilled  water. 

We  have,  therefore,  to  admit  a  direct  influence  on  the  protoplasm  of 
the  micro-organisms — a  fact  which  is  not  incompatible  with  the  forma- 
tion in  the  culture  medium  of  a  bactericidal  substance,  hydrogen  peroxide 
in  particular. 

A  second  imxK>rtant  biological  question  is  whether  the  bact^cidal 
power  of  light  is  connected  with  the  formation  of  oxygen,  a  question 
which  in  their  time  was  answered  by  Downes  and  Blunt  in  the  afi&miative. 
As  here  laid  down  by  Bie,  the  matter  amounts  to  this :  that  the  presence 
of  oxygen  is  not  essential  to  the  bactericidal  power  of  Ught,  but  is  advan- 
tageous, and  that  this  advantage  shows  a  relation  to  the  ext^it  of 
chemical  rays  present  in  the  particular  light  employed. 

Bacteria  can  be  killed  in  the  living  tissues,  in  certain  circumstances, 
by  light,  in  spite  of  the  rapid  absorption  of  the  greatest  part  of  the  ultra- 
violet rays  in  the  superficial  layers  of  tissue  A  ^  A  uiillimetre  thick — 
by  the  blue-violet  and  those  ultra-violet  rays  which  lie  next  to  these 
[Boder,  Jansen,  Nagelschmidt,  Busck  (16)]. 

In  practical  phototherapy  a  certain  part  of  the  curative  effect  may 
depend  on  the  bactericidal  x>ower  of  the  light  rays,  but  the  greater  part 
is  due  to  the  hyper»mia  and  inflammatory  reaction  of  the  skin. 


B.— PROTOZOA. 

There  are  only  a  few  statements  on  the  multiplication  and  growth 
of  unicellular  organisms  in  light  or  darkness,  partly  because  the  deter- 
mination is  more  difficult  than  in  the  case  of  bacteria  in  pure  culture,  and 
partly  because  their  biological  importance  brings  them  nearer  to  man. 
Schmarda  (16)  asserts  that  light  of  little  intensity  exerts  a  favourable 
influence  on  infusoria,  and  Serrano  Fatigati  (16)  states  that  violet 
Ught  has  a  favourable  influence  on  development.  But  it  must  probably 
be  maintained  that  somewhat  concentrated  light  will  exert  a  weakening 
and  destroying  effect  on  the  delicate  organization  of  the  protozoa  in 
the  same  way  as  on  bacteria. 

For  animal  cells  this,  amongst  other  things,  becomes  plain  from  the 
investigations  of  Busck  (16)  on  the  destruction  of  ciliary  epithelium  by 
light.  Jensen  and  Jansen  (17)  have  made  it  clearer  still  by  destroying 
with  concentrated  Ught  the  ceUs  of  a  tumour  in  a  mouse,  and  causing  the 
disappearance  of  the  tumour.  The  ceUs  of  the  human  skin  are  more 
resistant,  since  in  the  Finsen  treatm^it  necrosis  does  not  generally 
occur  [Busck]. 
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C— HIGHER  ORGANISMS. 

It  apx>earB  somewhat  contradictory  that  this  force,  which  arrests 
development  and  exerts  an  adverse  influence  on  the  lowliest  organisms, 
should  appear  to  favour  the  development  of  more  organized  forms  of 
life.  In  the  exx>eriment6  on  the  lower  organisms,  however,  the  concen- 
tration of  light  was  relatively  higher  than  that  which  exists  naturally, 
and  the  action  was  more  localized.  When  subjected  to  hght  rays  of 
greater  intensity,  higher  animals  are  also  deleteriously  affected. 


1.  Hants. 

The  importance  of  light  for  plant  life  is  shown  particularly  in  two 
directions :  Firstly,  chlorophyl  is  not  formed  in  the  dark ;  secondly, 
darkness  favours  development  of  a  plant,  while  the  growth  is  an  abnormal 
one.  Then,  hke  the  formation  of  chlorophyl,  the  production  of  wood  and 
of  the  cuticle  of  the  cell  membrane  {itiokmerU)  are  suppressed. 

Simultaneously  with  its  action  on  development,  light  also  exerts  an 
influence  on  the  direction  of  growth  of  the  plant  (positive  and  negative 
heliotropismus) — a  process  by  which  in  some  there  is  produced  an 
acceleration  in  the  growth  of  the  side  turned  away  from  the  light,  and 
in  others  an  influence  on  the  tension  of  the  tissues. 

In  the  lower  animals  also  there  are  processes  quite  similar  to  those  in 
plants  (positive  and  negative  heliotropic  direction  development)  [Jacques 
Loeb  (18)],  which  correspond  to  the  osmotic  processes  at  the  intemodes 
— viz.,  the  alterations  in  the  tension  of  the  musculature. 


2.  Animals. 
(a)  Development. 

In  1824  Edwards  (19)  established  the  fact  that  light  favoured  the 
development  of  tadpoles  from  frogs'  spawn,  and  that  in  darkness  only 
poor  specimens  developed.  Since  then  there  have  been  a  series  of 
investigations,  with  negative  results,  however,  in  the  frog  and  lizard 
(20,  21).  Schnetzler  (22)  attributes  this  to  imperfection  in  the  experi- 
mental conditions.  His  tadpoles  also  were  retarded  in  the  dark,  as 
were  the  fly  larvae  of  Oodneff  (1).  Young  (23)  obtained  similar  results 
with  the  eggs  of  Bana,  Salmo,  and  Lymnea  stagnatis. 

Violet  Ught  hastens  development  in  a  marked  degree ;  blue,  yeUow, 
and,  lastly,  white  light,  and  red  and  green  rays  are  directly  prejudicial, 
and  darkness  at  least  retards.  With  the  eggs  of  flies,  and  in  worms  under 
violet  and  blue  bell-glasses — ^in  contradistinction  to  red,  yellow,  white,  or 
green — B^lard  found  the  general  processes  accelerated  (24).  V6t6  (24) 
has  shown  the  superiority  of  white  light  as  opposed  to  orange  or  violet 
for  hens'  eggs.    Only  Davison  and  H.  Driesch  (24)  came  to  completely 
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opposite  results,  the  former  with  the  eggs  of  Musca  vomUaria  and  the 
latter  with  Bana  echinus  and  jdanorbis.  They  consider  that  white 
light  delays  development  and  blue  is  directly  prejudicial. 

In  reviewing  these  researches,  it  must  be  observed  that  the  con- 
ditions of  the  experiments  are  often  unsatisfactorily  specified,  and  often 
lacking  altogether.  The  absorption  of  the  glasses  used  has  not  been 
tested  spectroscopically ;  and  in  the  researches  in  the  dark,  often  the 
deficient  ventilation  of  the  experimental  chambers  has  not  received 
sufficient  attention.  The  most  detailed  and  trustworthy  investigations 
are  those  by  Schnetzler  and  Young  which  yielded  the  x>ositive  results 
already  alluded  to. 

The  experiments  on  mammals  are  even  less  reliable.  The  details  of 
input  and  output  are  omitted. 

Hammond  (26)  and  Grorbatzewitsch  (26)  state  that  kittens  and  puppies 
develop  better  in  light.  Pleasanton  (27)  considers  that  violet  light 
favourably  influences  the  growth  of  pigs.  Loeb  writes  :  "  Pleasanton's 
book  is  printed  in  blue  letters,  and  gives  for  all  the  natural  phenomena 
of  Ufe  up  to  the  activity  of  a  volcano  what  might  be  termed  a  blue 
interpretation.*' 

Borissow  (63)  showed  that  puppies  and  young  rabbits,  when  kept 
in  a  darkened  room,  always  had  less  appetite  than  controls  living  in 
the  Ught,  and  were  correspondingly  deficient  in  body-weight.  This 
accords  with  the  well-known  fact  that  light  stimulates  movement, 
and  thereby  increases  nutrition.  When  geese  and  fowls  are  kept  in 
narrow,  dark  cages,  it  is  not  so  much  the  lack  of  light  as  the  need 
of  exercise  which  results  in  the  deposition  of  fat,  quite  apart  from 
the  forced  feeding.  The  more  rapid  consumption  of  food  by  wild 
animals  has  often  been  attributed  to  light  [Bidder  and  Schmidt, 
Adducco  (28)],  although  it  naturally  depends  upon  a  greater  use  of 
the  muscles. 

(6)  Organ  Formation. 

Jacques  Loeb,  who,  moreover,  did  not  consider  that  any  influence 
of  light  on  general  development  had  been  proved,  showed  that  in 
Endendrium  racemosum  polyp  formation  occurred  only  in  light,  while 
in  the  dark  there  was  only  the  formation  of  tentacles.  Only  the 
blue  rays  had  this  effect,  the  red  acting  in  the  same  way  as  darkness. 
Milroy  (143)  has  investigated  the  response  of  the  developing  retina  of 
the  chick  to  light.  He  finds  that  the  cells  first  respond  to  the  Ught  on 
the  fifteenth  day,  and  the  response  becomes  more  intense  as  development 
proceeds.    light  has  no  effect  on  the  development  generally. 
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III.— INFLUENCE  ON  MOTOR  PROCESSES. 

Light  exerts  a  stimulating  effect  on  the  motor  systems  of  the  lower 
as  well  as  of  the  higher  organisms. 


A.— BACTERIA,  PLANT  CELLS,  AHD  PROTOZOA. 

The  Bacterium  jAoiomdricum  moves  only  in  light,  and  groups  itself 
under  the  rays  of  greatest  intensity  [Engelmann  (29)].  Similar  pheno- 
mena are  met  with  in  many  of  the  lower  plants  and  animal  forms,  in  the 
wandering  spores  of  Botrydium  granvlcUum,  in  the  Plasmodium  of 
.Xthalium,  and  in  the  wandering  spores  of  Vclvox  globaiar  [Strassburger 
(30)].  It  is  in  this  way  that  what  is  known  as  phototaxic  processes  vary 
in  their  different  forms  of  positive  or  negative  phototaxy,  according  to 
the  intensity  of  the  light  and  other  extraneous  conditions.  The  kind 
of  light  also  makes  some  difference.  ParamcBcium  ctLssaria  group  together 
at  the  red,  while  Engkna  viridis  does  so  in  the  blue,  part  of  the  spectrum 
[Engelmann]. 

Although  in  part  these  phenomena  may  be  produced  by  the  indirect 
effects  of  light  in  a  roundabout  way  by  the  influence  of  the  production 
of  oxygen  and  other  extraneous  conditions,  yet  they  are  mainly  due  to 
the  direct  influence  of  light  [Engelmann]. 

Many  motor  processes  lead  to  no  change  in  the  position  of  the  cells, 
but  are  expended  in  the  protoplasm  itself,  the  protoplasm  contracting 
with  sudden  exposure  to  light,  amoeboid  movement  increasing  or  being 
arrested  (phototonus,  light  contraction). 


B.— METAZOA. 

The  process  becomes  more  complicated  as  we  ascend  the  animal 
scale  and  meet  with  associated  nerve  centres.  It  is  not  known  how 
much  of  the  motor  stimulus  is  dependent  on  the  excitement  of  the  cell 
itself,  and  how  much  on  the  influence  of  the  nerve  apparatus.  But  we 
must  recognise  the  fact  that  the  stimulating  power  of  light  is  every- 
where established.  Bert  (31)  describes  how  a  frog,  even  when  bUnd, 
moves  towards  the  brighter  part  of  its  cage.  The  avoidance  of  light  by 
blind  worms  observed  by  Oraber  (32),  the  similar  researches  by  Dubois 
(33)  in  Proieua  angmneua,  and  Finsen's  (34)  careful  experiments  on 
salamanders,  which,  even  inside  the  eggs,  were  most  lively  in  white  and 
violet  light,  all  demonstrate  this  stimulating  character  of  light.  For 
the  varying  actions  of  the  individual  colours  of  the  spectrum,  see 
Finsen  (34). 

The  effect  of  light  on  movement  in  higher  animals  and  man  can 
more  easily  be  suggested   than  proved.    It  agrees  with   the   varied 
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experience  of  daily  life  (35).  On  the  other  hand,  there  are  c^^ain 
researches  which  attribute  to  the  blue  rays  a  sedative,  and  to  the  red  rays 
a  stimulating,  effect.  Such  have  been  observed  in  psychology,  but  fJie 
matter  is  still  somewhat  problematical. 

Apart  from  direct  motor  influence,  the  continuous  influence  of  light 
is  responsible  for  the  muscle  tone  (18,  39).  As  an  example  from  human 
pathology,  Romberg's  phenomenon  may  be  cited — ^viz.,  the  swaying  of 
a  tabetic  when  his  eyes  are  closed.  We  must  agree  with  Loeb,  how- 
ever, that  this  phenomenon  is  not  entirely  explained  by  the  momentary 
cutting  off  of  the  sense  of  vision. 


IV.— THE  EFFECT  OF  LIGHT  ON  OXIDATION. 

In  so  far  as  light  serves  as  an  incentive  to  movement  for  the  organism, 
its  effect  in  increasing  oxidation  becomes  clearer  when  we  appreciate 
that  each  act  of  movement  demands  the  combustion  of  organic  material. 
Whether  besides  this  more  indirect  effect  there  is  still  a  direct  influence 
of  light  on  the  power  of  oxidation  in  the  cells  themselves  is  an  important 
question,  but  one  which  cannot  be  easily  answered.  The  associa- 
tion of  these  motor  processes  which  are  connected  with  the  increased 
consumption  of  oxygen  renders  the  matter  so  exceedingly  complicated 
that  observations  which  were  apparently  definite  are  met  by  the  critics 
with  the  question,  "  Were  all  such  movements  excluded  ?" 


A.— IN  PLANTS. 

The  movements  of  the  higher  plants  are  quite  sepflirate  from  tins 
consideration.  However,  a  certain  power  of  light  in  hastening  oxidation 
can  with  difficulty  be  observed  in  them.  If  there  is  edso  in  the  animal 
body  a  combustion  process  corresponding  to  that  in  plants,  then  during 
the  day  the  reverse  process  of  the  assimilation  of  COg  takes  place— a 
process  which  that  material  called  leaf-green  (chlorophyl)  brings  about 
under  the  influence  of  light,  and  certainly  of  the  visible  part  of  the 
spectrum.  As  by  these  processes  oxygen  is  set  free,  one  cannot  dis- 
tinguish clearly  between  the  phenomena  of  assimilation  and  the  respira- 
tion of  plants  in  light.  This  is  certainly  one  of  the  reasons  why  the  power 
of  light  in  increasing  oxidation  is  considered  essential  to  the  animal 
body. 

B.— IN  ANIMALS. 

1.  Cells  and  Isolated  Tissues. 

On  account  of  the  difficulties  in  technique,  the  analysis  of  the  inter- 
change of  gases  under  these  conditions  has  not  yet  been  carried  out  in 
the  case  of  isolated  animal  cells.    Yet  Quincke  (35)  has  sought  to  show 
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t>liat  oxidation  in  animal  cells  is  hastened  by  light.  He  mixed  pus  with 
blood  or  with  a  wateiy  suspension  of  subnitrate  of  bismuth.  The  hssmo- 
^lobin  band  disappeared,  or  the  bismuth  subnitrate  blackened  more 
rapidly  in  light  than  in  the  dark. 

The  phenomenon,  as  Quincke  himself  has  shown,  occurs  also  if  yolks 
of  eggs,  fresh  butter,  etc.,  are  used,  and  also,  though  to  a  less  extent, 
^vidth  cooked  organs. 

It  cannot,  however,  be  certain  that  there  is  a  proof  in  these  pheno- 
mena that  any  surviving  cells  remain,  and  the  phenomenon  brings  to 
mind  the  process  of  '^  sensitizing." 

Surviving  muscle  and  nerve  tissues  (brain  and  spinal  cord),  accord- 
ing to  Moleschott  and  Fubini  (37),  respire  more  freely  in  the  light  than 
in  the  dark.  The  difference  is  very  marked — 141  to  100  for  dog's  muscle, 
149  to  100  for  dog's  brain.  These  researches  were  openly  characterized 
by  J.  Loeb  (48)  as  researches  on  dying  and  dead  tissues,  and  to  be  explained 
by  the  onset  of  decomposition.  That  the  respiration  of  nerve  tissue 
should  reach  as  high  a  value  as  the  authors  maintain — e.g.,  0*527  gramme 
OO2  in  twenty-four  hours  from  100  grammes  of  guinea-pig's  brain  in  the 
light,  and  0*387  gramme  in  the  dark — ^figures  which  would  be  quite  com- 
patible with  muscle  tissue — must  also  be  a  mistake.  Also,  the  researches 
of  Tissot  and  Fletcher  sustain  the  view  that  the  (X),  given  off  by  sur- 
viving muscle  springs  from  no  definite  source.  Further  investigations 
are  much  wanted. 

2.  Animals. 
(a)  TJie  Consumption  of  Oxygen  and  the  CO^  Output  by  the  Lungs. 

Since  Moleschott  showed,  in  1855,  that  frogs  expired  from  one-twelfth 
to  one-quarter  more  carbon  dioxide  in  light  than  in  the  dark,  that  the 
excretion  of  carbon  dioxide  increased  with  the  intensity  of  the  light, 
and  that  the  effect  of  the  light  indicated  was  produced  partly  through 
the  eyes  and  partly  through  the  skin,  and  since  Pfliiger  (39)  drew  fresh 
attention  to  the  great  biological  importance  of  the  matter,  a  considerable 
amount  of  work  has  been  carried  out  on  these  Unes.  From  early  times 
much  attention  was  paid  to  the  study  of  a  specific  effect  of  light  on  the 
respiration  of  the  cells  (37),  while  no  regard  was  paid  to  the  increase  of 
movement  due  to  light  in  the  animals  under  observation.  But  even 
where  this  has  been  done  a  definite  verdict  is  not  forthcoming,  and  each 
single  experiment  in  this  direction  avoids  with  difficulty  the  mistakes 
of  its  predecessors,  only  to  fall  a  victim  to  a  later  critic  (38,  43). 

Moleschott  and  Fubini  (37)  considerably  extended  their  observations 
in  1882  on  frogs  after  extirpation  of  the  eyes,  brain,  and  cord,  and  *af ter 
removal  of  the  skin.    One  such  frog  yielded  CO2  per  hour  : 


Date. 

In  Dark.         i          In  Light. 

In  Dark. 

November  4      . . 
6      .. 

00056                       00037 
0-0028            1            00080 

00027 
00072 
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It  may  be  noticed  that  the  first  value  of  the  early  period  in  the  dark 
on  November  4  is  in  excess  of  the  following  period  in  the  Ught.  Such 
contradictory  conclusions  are  frequently  met  with  in  tiiese  reBearchea. 
A  large  number  of  individual  observations  are  made,  and  single  misftakflw 
are  compensated  for  by  the  mean  of  a  long  sequence. 

A.  von  Platen  (39)  observed  in  Pfliiger's  laboratory  that  rabbits  which 
were  similarly  fastened  down  gave  an  average  of  oxygen  consumption  in 
the  proportion  of  116 :  100,  and  of  CO,  production  of  114 :  100,  accord- 
ing as  to  whether  the  eyes  of  the  animals  were  exposed  to,  or  shut  off  from, 
light.  Speck  (42),  however,  maintained  rightly  that  in  these  experi* 
mente  the  influence  of  muscle  movement  was  not  excluded. 

The  ex{)eriment6  made  by  Fubini  and  Benedicenti  (40)  on  hibernating 
animals  such  as  dormice  and  bats  are  not  numerous,  but  appear  to  us 
to  be  proportionally  conclusive.  Although  Jaquet's  figures  evidence 
irregular  results,  and  in  connection  with  the  gaseous  interchange  a  factor 
which  cannot  be  precisely  determined  is  apparently  present,  yet  it  is 
impossible  to  feel  otherwise  than  that  there  is  some  definite  principle 
underlying  the  matter.  For  instance,  the  following  figures  from  an 
experiment  on  Myoxua  glia  (E.)  suggest  that  some  unknown  factor  was 
at  work  on  January  2  (dark)  : 


1 

Dale. 

CO,  from  100  Grammes  of  Animal 
in  Ttoeniy-four  Hours, 

Light 

Daric 

December  19     . . 

20     .. 

23     .. 

„         24     .. 

January  2 

fi        3         . . 

1-5930 
1-9595 
11023 
1-7052 
1-5119 
1-0017 

1-2830 
1-8017 
0-7299 
0-9852 
0-1350 
0-5830 

Speck  (42)  obtained  a  similar  result  when  he  examined  himself, 
sitting  in  a  chair  with  eyes  open  and  closed.  There  occurred  in  the 
light  a  slight  increase  of  frequency  and  depth  of  respiration,  which  pro- 
duced an  increase  of  oxygen  consumption  in  the  proportion  of  100 :  101, 
and  the  excretion  of  COg  in  the  proportion  of  100 :  104.  Therefore  the 
change  was  merely  in  the  mechanical  conditions  of  respiration. 

Criticism  upon  Speck's  work  suggests  that  an  experiment  on  himself 
might  be  accompanied  by  unconscious  contraction  of  muscle — ^perhaps  in 
the  dark — and  that  the  duration  of  the  experiment  (nine  to  thirteen 
minutes)  was  too  short. 

Loeb  arrived  at  opposite  conclusions  from  an  investigation  upon  the 
loss  of  weight  and  interchange  of  gases  in  Ught  and  darkness  in  chry- 
salides, though  how  much  light  penetrated  the  dark  chitinous  shells 
ought  to  be  previously  determined ;  the  amount  could  scarcely  be  large. 

Ewald  found  that  in  curarized  frogs  the  CO2  output  only  varied  about 
5  per  cent,  in  light  and  dark.    This  did  not  evidence  a  recognisable 
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xifluence  of  the  light,  nor  avoid  the  objection  that,  owing  to  the  curare, 
3LXk  unknown  factor  had  been  introduced  into  the  economy. 

Salomon  observed  that  the  light  of  an  arc-lamp  of  10  amperes  and 
800  candle-power  at  1^  millimetres  distance  gave  the  following  figures  : 


1 

Oxygen  Conaumed 
per  MiniUe. 

CO2  Expired  per 
MinuU. 

Respiratory 
Quotient. 

I  Previous  experiment  in  dif- 
fused da^ght  .. 
Sxperiment    with    electric 
hght    plaving   on    trunk 
and    thighs   for   twenty- 
three  minutes     . . 
1  After  experiment  .. 

\         249-8 

I         249-7 
233-2 

187-3 

196-2 
164-6 

0-749 

0-786 
0-706 

It  is  evident  that  no  definite  effect  was  produced. 

So  we  are  compelled  to  state  that  this  influence  of  light  on  the  oxida- 
tion energy  of  the  body  has  never  yet  been  certainly  determined,  although 
such  action  cannot  be  definitely  excluded.  For  many  reasons  the  ques- 
tion reminds  us  that  the  increase  of  oxidation  due  to  external  cooling 
depends  entirely  upon  whether  this  increased  oxidation  is  independent 
of  or  dependent  on  the  shivering.  If  we  admit  the  reflex  effect  of  light 
on  the  innervation  of  muscles  supposed  by  Pfliiger,  Loeb,  and  others, 
we  ought,  therefore,  to  expect  an  effect  on  the  consumption  of  oxygen. 


(6)  Skin  Perspiration, 

The  CO2  loss  through  the  skin  is,  according  to  Fubini  and  Bonchi  (45), 
more  rapid  in  the  light  than  in  the  dark  in  the  proportion  of  113  :  100. 


(c)  TJie  Effect  of  Definite  Spectrum  Colours  on  the  Interchange  of  Oases. 

The  statements  of  Pott  and  Piacentini,  of  Fubini  and  Moleschott  (37), 
differ,  according  to  the  species  of  animal  employed,  and  also  from  one 
another,  to  such  a  degree  that  no  definite  action  can  be  deduced  in  any 
way ;  still  less  so  as  the  free  movements  of  the  animals  vitiated  the 
experiments. 

(d)  The  Influence  of  Sunshine. 

All  the  experiments  mentioned  hitherto  have  sought  to  determine 
the  influence  of  light  apart  from  warmth,  namely,  by  observations  in 
difiuBed  daylight,  and  after  absorption  of  heat  rays  by  means  of  a 
layer  of  water,  in  order  to  obtain  similar  and  uncomplicated  conditions 
for  light  and  darkness.    In  direct  sunlight  the  conditions  are  altered. 

Direct  sunshine  saves  the  total  amount  of  necessary  heat  production 
in  dogs—as,  for  instance,  when  the  heat  ray  leads  to  a  higher  tempera- 
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tare  of  the  air,  a  temperature  not  incompatible  with  the  detiiis  <i 
ordinary  chemical  regulation  of  heat,  and  when  the  animal  k  timbr 
compelled  to  perform  increased  respiratory  work  (46). 

The  rapid  respiraticm  of  dogs  when  overheated  does  not  oocnr  inmia 
in  whom  the  action  of  the  sweat  glands  comes  into  play. 

As  for  the  rest,  the  effect  of  the  sun  on  the  interchange  of  gases,  wiiKi 
is  quite  the  same  in  dogs  as  in  man,  shows  that  the  g^aaeoos  intercdiaLf 
is  so  arranged  for  any  temperature  as  if  the  latter  vFere  equal  to  Uiepr^ 
vailing  air  temperature  plus  half  the  difference  of  the  aim  and  da^ 
temperatures  ;  so  that  the  heat  regulation  of  an  animal  at  a  shade  tea- 
perature  of  20^  C.  and  a  sun  temperature  of  38"^  C.  would  be  so  managed 
as  if  the  air  temperature  were  raised  from  20°  to  29**  C.  [Wolpert  (47)]. 

The  results  obtained  by  Wolpert  with  naked  and  droooed  men  [Zona 
Geppert's  method]  are  as  follows  : 
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The  perceptible  increase  in  the  breathing  volume  in  EJzperimeDt  2 
(and  a  consequent  increase  in  the  corresponding  oxygen  oonsumption) 
is,  according  to  Wolpert,  in  agreement  with  the  increased  veatilati(»i  of 
the  skin  which  the  clothes  produce,  for  the  depth  of  respiration  is 
increased  in  a  perspiring  person. 

These  experiments,  also,  carried  out  as  they  are  with  muscles  c<Hn- 
pletely  at  rest,  do  not  reveal  any  considerable  appreciable  increase  in 
consumption  of  oxygen  through  the  action  of  light. 


Therapeutic  Considerations. 

The  action  of  light  on  metabolism  in  man  is  only  slight.  If,  however, 
light  is  not  itself  the  agent,  as  far  as  any  practical  application  is  con- 
cerned, the  known  procedures  are  associated  with  not  inconsiderable 
changes  in  the  economy. 

(a)  Sun  Baths. 

Exx>osure  to  the  sun  does  not  increase  the  processes  of  combustion 
(47).  Wolpert  carried  out  experiments  upon  this  point  in  a  photographic 
studio  protected  from  any  draught,  the  roof  and  outer  wall  being  com- 


LIGHT  AND  OTHER  RAYS  1211 

posed  of  glass.  A  sun  bath  is  for  all  practical  purposes  a  sun-air  bath, 
there  being  a  certain  amount  of  draught  in  addition  to  the  sun's  rays. 
This  may  easily  be  recognised  from  Wolpert's  work  (48).  Only  in  lower 
temperatures,  when  cooling  takes  place  at  the  same  time,  is  it  a  matter 
of  considerable  importance  to  the  extent  of  the  process  of  combustion, 
an  increase  taking  place  under  that  condition. 

Sun  baths  are  generally  given  in  the  following  manner :  The  whole 
surface  of  the  patient's  body  is  exposed  for  half  to  one  hour  to  the  rays 
of  the  sun,  and  is  then  well  wrapped  up  in  blankets.  Secretion  of  sweat 
ensues,  and  the  body  temperature  rises.  The  effect  of  a  sweat  bath  is 
produced,  and  a  moderate  increase  in  combustion  takes  place.  Finally, 
the  patient  is  massaged  and  then  given  a  cold  bath  or  packing — that  is, 
i^th  cold  and  mechanical  irritation. 

A  series  of  influences  partly  affect  the  estimation  of  the  total  effect, 
which  are  dealt  with  in  another  place  [c/.  Matthes,  The  Influence  of 
Baths  on  Metabolism]. 


(b)  Incandescent-LigAt  Baths. 

An  incandescent-light  bath — as  the  lamps  give  out  almost  entirely 
heat  rays  and  only  very  few  chemical  rays — ^produces  a  similar  effect  on 
oxygen  consumption  and  CO2  production  to  that  of  Quincke's  hot-air 
bath  ;  the  extent  of  respiration  is  deepened  (49). 

Sweat  appears  earlier,  perhaps,  owing  to  a  direct  effect  of  the  rays 
on  the  sweat  glands  [Krebs  (60)].  Any  increase  of  the  oxidation  which 
occurs  in  the  incandescent  bath  must  not  be  estimated  too  highly.  The 
increase  of  the  consumption  of  oxygen  in  a  brilliant  incandescent-light 
bath  of  about  two  and  a  half  hours'  duration  (7  litres  oxygen),  if  measured 
in  fat  combustion,  only  corresponds  to  about  3^  grammes  of  fat. 

The  effect  on  the  water  economy  is  naturally  of  importance,  as  the 
loss  of  sweat  reaches  2  Utres  or  more.  A  corresponding  change  in  the 
concentration  of  the  blood  and  blood-serum  occurs,  dependent  upon  the 
systematic  use  of  the  bath  and  the  lessening  of  the  systemic  fluidb. 

With  this  there  is  a  progressive  increase  in  the  amount  of  heemoglobin 
and  the  number  of  the  red  blood  cells.  The  somewhat  contradictory 
statements  on  the  latter  observations  (61),  in  which  individual  differences 
in  the  extent  and  rapidity  of  the  sweat  production  obviously  play  a 
part,  are  admirably  reviewed  by  Krebs  and  Mayer  (62).  It  is  not 
actually  a  new  condition,  but  only  a  result  of  the  thickening  of  the 
blood  and  the  altered  conditions  of  the  circulation.  Probably  it  is  on 
all-fours  with  the  increase  in  the  neutrophilous  polynuclear  leucocytes 
(52).    Perhaps  thermotactic  influences  come  into  play  also. 

An  increased  excretion  of  nitrogen  is  probable  (63).  Further  investi- 
gations are  required  upon  this  point. 
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(c)  AroUght  Botha. 

It  is  to  these  that  we  must  first  look  for  any  peculiar  effect  of  light 
on  metabolism.  But,  then,  the  light  of  an  arc-lamp  is  especially  lich  in 
chemical  and  physiological  blue- violet  and  ultra-violet  rays — ^richer  than 
sunlight,  the  ultra-violet  part  of  which  is  considerably  absorbed  in  the 
atmosphere. 

Here,  however,  the  effects  of  heat  are  the  only  ones  known,  and  as 
far  as  sweat  production  is  concerned,  they  are  less  effective  than 
incandescent-light  baths.  The  rectal  temperature  may  be  raised  by 
4°  to  6°  C.  [Hasselbalch  (54)]. 

Although  the  gaseous  interchange  is  but  slightly  altered  by  arc-lamp 
baths,  deep^ied  respiration  with  diminished  frequency  may  follow  for 
a  whole  day  afterwards  [Salomon,  Hasselbalch]. 

The  therapeutic  value  of  an  arc-light  bath  is  minimised  by  the  fact 
that  its  use  must  be  restricted  when  erythema  is  produced. 


v.— THE  EFFECT  OF  LIGHT  ON  ENZYMES. 

Light  appears  to  diminish  the  action  of  a  number  of  enzymes.  Downes 
and  Blunt  (14)  found  that  sunlight  destroys  invertins.  The  diastasic 
ferment  in  the  leaves  of  plants  is,  according  to  Green  (55),  destroyed  by 
the  ultra-violet  rays.  Emmerling  and  Weiss  (56)  record  n^ative 
results.  In  many  instances,  however,  in  experiments  with  glass  appar- 
atus, the  active  ultra-violet  rays  are  cut  off  by  absorption.  In  the 
experiments  of  Schmidt-Nielsen  (57),  to  which  no  exception  can  be  taken, 
the  insertion  of  a  piece  of  colourless  glass  was  sufficient  to  prevent  tiiis 
action  on  chymosin. 

The  destructive  effect  of  Ught  on  bacterial  toxins  has  often  been 
established. 

For  the  sensitizing  of  toxines  and  enzymes,  see  Sensitization. 


VI.— THE  EFFECT  OF  LIGHT  ON  THE  BLOOD. 

From  the  action  of  light  in  the  production  of  chlorophyl  and  the  close 
chemical  relations  of  chlorophyl  and  hsBmoglobin,  and  from  the  marked 
absorption  of  the  ultra-violet  rays  by  hsBmoglobin,  it  is  fair  to  suppose 
that  light  is  able  to  act  upon  the  constituents  of  the  blood. 

A  third  fact  may  be  added :  Von  Schlapfer  (58)  proved  that  blood 
exerted  a  definite  effect  upon  a  photographic  plate  after  the  blood  had 
been  exposed  to  the  sunlight.  The  effect  was  intensified  when  larger 
quantities  of  blood  were  employed.  When  albino  rabbits  were  used, 
the  result  was  more  marked  than  with  those  ordinarily  pigmented.     He 
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suggested  that  the  blood  might  be  able  to  store  the  light  rays  which  were 
received  on  the  surface  of  the  body  in  the  vessels  of  the  skin,  and  give 
t>1iem  up  again  inside  the  body. 

Practically  nothing  is  known  as  to  the  precise  action  of  light  on  the 
blood.  We  hear  of  children  who  have  been  brought  up  in  the  sunless 
streets  and  courts  of  great  cities  having  to  go  into  the  country  on 
account  of  pallor  and  rickets  ;  but  it  is  apparent  that  they  are  the  results 
of  a  medley  of  unhygienic  factors,  and  not  only  of  the  absence  of  sun- 
light. 


A.— ACUTE  EFFECTS. 

Fiilles  (59)  observed  an  acute  effect  of  light  on  the  blood  when 
an  animal  was  removed  from  darkness  into  light.  An  instantaneous 
raising  of  the  specific  gravity  occurred — e,g,,  from  1047  to  1060.  This 
difference,  moreover,  continued  throughout  the  whole  day.  It  probably 
arose  from  a  vasomotor  irritation,  resulting  in  a  different  distribution 
of  the  blood  in  the  vascular  organs. 

Idnser  and  Helber  (113)  examined  the  blood  15  to  100  hours  after 
irradiation  with  an  arc-lamp,  but  were  not  able  to  observe  any  definite 
effects. 


B.— CHRONIC  EFFECTS. 

The  results  obtained  vary  considerably.  With  regard  to  animals, 
Marti  (60)  found  the  number  of  erythrocytes  diminished  in  the  dark, 
while  they  increased  in  sunUght  and  electric  light,  as  also  under  the 
influence  of  other  irritations  of  the  skin. 

Graffenberger  (61)  noted  similar  results  in  the  hsemoglobin  of  rabbits 
kept  in  the  dark.  Darkness  for  a  longer  time  lessens  the  total  quantity 
of  the  blood.  It  will  be  understood  that  weighing  the  quantity  of  blood 
allowed  to  drain  out  does  not  give  us  the  most  definite  quantity  of  blood 
that  it  is  possible  to  obtain. 

Schonenberger  (62)  recorded  quite  opposite  effects — ^viz.,  increase  in 
the  erythrocytes  and  concentration  of  serum  and  hemoglobin — ^but  in 
his  experiments  the  control  animal  showed  a  considerable  tendency  in 
the  same  direction  as  the  animals  experimented  upon. 

Bonssow  (63),  in  apparently  careful  experiments,  did  not  find  any 
effect  of  light  on  erythrocytes  and  hemoglobin. 

Under  such  abnormal  conditions  as  absolute  darkness,  it  is  probable 
that  after  a  certain  time  a  fall  in  the  cells  and  hemoglobin  should 
occur  in  the  blood  because  of  the  often  unavoidable  influences  of  the 
experimental  conditions  upon  the  general  state,  appetite,  movements, 
etc.  No  direct  influence,  however,  appears  to  be  constantly  present  in 
every  case. 

It  is  a  somewhat  indicative  fact  that  those  who  take  part  in  polar 
expeditions  are  wont  to  show  a  pallor  bordering  on  a  yellow-green  colora- 
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tion  of  the  skin.    Qyllenkreutz  (64)  examined  the  blood,  and  found  an 
impoverishment  both  spectroscopically  and  morphologically. 

It  is  very  possible,  according  to  the  findings  of  Finsen,  that  thiA 
depends  upon  the  absence  of  the  vaso-dilating  property  of  light  [Bie] — 
that  is,  on  a  chronic  "  capillary  an»mia." 


Vn.— PROTEIN  METABOLISM. 

The  albumin  metabolism  was  found  by  Oraffenberger  (61)  to  be 
exactly  the  same  for  two  rabbits,  one  of  which  was  kept  in  a  light  and 
the  other  in  a  dark  hutch  for  a  preliminary  period  of  forty-six  days  and 
a  subsequent  observation  period  of  eleven  days'  duration.  With  an 
entire  supply  of  nitrogen  of  17*2  grammes  the  one  in  light  retained 
2*8  grammes,  the  other  2-6  grammes,  for  the  whole  period  of  examin&tion. 


Vni.— INTESTINAL  DIGESTION  AND  POOD  ABSORPTION. 

There  are  several  statements  in  Graffenberger's  work,  but  it  is  not 
shown  that  there  exists  any  substantial  difference  between  animals  kept 
in  the  light  and  those  in  the  dark.  Statements  of  disturbance  of  intes- 
tinal activity  in  the  dark  are  not  to  be  wondered  at,  as  generally  th^e 
are  depressing  influences  at  work  on  the  ckctivity  of  the  intestinal  canaL 


IX.— EFFECT  OF  LIGHT  ON  THE  SKIN. 

A.— IN  AHIMALS. 

Many  lower  animals  change  the  colour  of  their  skins  according  to  the 
illumination,  the  pigmentation  of  firogs,  cuttle-fish,  and  chameleons,  and 
that  of  others,  becoming  paler  in  Ught  [Jensen  (65)].  The  higher  animals 
are  more  darUy  coloured  as  a  rule  on  those  parts  which  are  most  exposed 
to  the  Ught — e.g.,  the  back. 

B.— IN  MEN. 

In  man,  the  intense  effect  that  Ught  has  upon  the  skin  in  certain 
conditions  has  long  been  attributed  to  the  effect  of  heat.  Inflammatory 
conditions  occur,  however,  under  the  action  of  electric  Ught  when  the 
skin  is  not  warmed  [Malakoff  (66)],  and  some  pati^its  exhibit  an  idio- 
syncrasy to  sunUght  who  are  not  affected  by  the  otherwise  stronger  heat 
rays  from  hot  ovens,  etc.  [Veiel  (67),  Hammer  (68)]. 

The  kind  of  inflammation  of  the  skin  also  differs  from  the  peculiar 
symptoms  after  heat,  and  the  erythema  caused  by  Ught,  though  morj^o- 
logicaUy  similar  to  that  caused  by  heat,  leaves  behind  a  still  perceptible 
pigmentation  when  the  inflammatory  changes  have  entirely  subsided. 
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^idmark's  (69)  researches  on  the  absorptive  selection  of  the  indi- 
vidxial  parts  of  the  spectrum  indicate  that  the  chief  effect  is  produced  by 
>  tlie  -ultra-violet  rays.  In  further  proof  of  this  point,  Finsen  (70)  showed 
t/liart^  l>y  covering  the  skin  with  uncoloured  glass  (which  absorbs  ultra-violet 
r&ys  to  a  high  degree)  the  development  of  erythema  may  be  prevented — 
ar  faot  which  has  led  to  the  use  of  rock-crystal  lenses  in  the  Finsen  treat- 
ment. 

Fmsen  also  showed  that  the  blue  and  violet  rays  have  an  irritative 
effect  on  the  Ain,  though  to  a  less  degree. 

Pigmentation  resulting  from  light  erythema  is  a  protection  to  a 

marked  degree  against  further  dermatitis  [Finsen  (70)].    It  is  not  a 

far  cry  teleologically  to  the  property  of  the  cutaneous  pigment  in  negroes. 

Light  erythema  has  all  the  anatomical  characters  of  an  inflammatory 

hypersBmia  of  the  vessels,  such  as  diapedesis  of  white  corpuscles,  etc. 

[Dreyer  and  Jansen  (71)] ;  yet  months  afterwards,  when  the  colour  of 

the  inflamed  skin  has  become  the  same  as  the  intact  skin,  a  marked 

reddening  of  the  previously  erythematous  part  may  be  induced  by  friction 

[Finsen  (70)].    Hypersensibility  of  the  cutaneous  vessels  is,  therefore, 

a  frequent  sequela. 

The  irritative  action  of  the  blue-violet  and  ultra-violet  rays  was  so 
intense  that  it  led  Finsen  (72)  to  return  to  the  old  empirical  method  of 
treating  small-pox  in  the  dark  or  in  red  light.  Although  there  is  no 
influence  on  the  course  of  the  disease,  this  treatment — and  on  this  all 
investigators  agree — ^hinders  the  development  of  the  pustules,  and  so 
influences  favourably  the  formation  of  the  scars. 


X.— SENSITIZATION. 

Hitherto  the  phenomena  described  have  had  to  do  with  a  variable 
factor  which  can  be  decomposed  into  its  several  spectrum  bands. 
Recently,  however,  a  way  has  been  discovered  by  which  the  penetrating 
powers  of  light  may  be  increased.  This  is  brought  about  by  a  process 
of  sensitization. 

A.--8IN0LE  CELLS. 

Raab  (74)  noticed  that  the  poisonous  qualities  of  solutions  of  akridin, 
eosin,  and  phophin  for  infusoria  were  increased  a  thousand  times  by 
allowing  them  to  act  in  the  presence  of  light.  Since  that  time  there 
have  been  a  series  of  chemical  bodies  denominated  having  similar  pro- 
perties.   They  all  have  the  property  of  fluorescence  in  common  (74). 

The  effect  extends  to  animal  cells  in  general,  to  ciliary  motion  [Jakob- 
Bohn],  and  to  bacteria  [G.  Dreyer  (76)].  Saccharoff  and  Sachs  (76) 
showed  that  the  active  principle  in  light  possesses  hemolytic  properties. 
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B.— TISSUES. 

Raab  (74)  had  already  found  that  sunlight  produced  a  local 
in  the  ears  of  mice  which  had  been  injected  i¥ith  eosin.  Jakobeohn  (74i 
showed  that  frogs  suffered  from  paraplegic  symptoms  as  the  result  of 
the  same  subcutaneous  dose  of  eosin  in  light  which  they  could  tolsn^ 
quite  easily  in  the  dark.  Dreyer  noticed  the  appearance  of  oedema, 
inj^tion  of  the  vessels,  and  thrombosis  of  the  capillaries  in  the  dlff^ent 
tissues  containing  eosin  under  the  influence  of  light  (frogs'  tongoeS) 
rabbits'  ears)  (76). 

C— ENZYMES,  TOXDTES,  ETC. 

On  account  of  the  great  importance  in  biology  of  those  subetances 
allied  to  enzymes,  the  latter  were  immediately  brought  into  the  domain 
of  radiation,  and  analogous  effects  established.  When  papayotin,  diastase, 
and  invertin  were  mixed  with  eosin  or  Magdala  red  and  rayed,  thor 
activities  were  considerably  weakened  [Tappeiner  (77)],  just  as  also  were 
tozines,  ricin,  tetanus  toxine,  diphtheria  tozine  [Tappeiner  and)  Jodlbauer 
(78)],  as  well  as  the  complements  of  serum  (von  Lichtwitz  (79]. 

The  weakening  of  the  diphtheria  toxine  is  also  noticeable  in  animals, 
in  that  those  previously  treated  with  eosin  or  methylene-blue  tolerate 
an  ordinary  lethal  dose. 

D.— THEORY. 

Raab  has  already  performed  instructive  experiments  on  the  pro- 
duction of  the  dynamic  effect  of  light,  the  most  important  of  which  are 
here  included. 

ParamsBcia  survive  for  a  longer  time  in  light  which  has  previously 
passed  through  a  solution  of  akridin.  It  cannot,  therefore,  be  due  to  an 
alteration  of  light  alone. 

For  the  majority  of  chemical  poisons  paramsBcia  are  no  more  sensitive 
in  light  than  in  the  dark.  light  in  itself  does  not  tend  to  kill  the  para- 
msecia. 

As  akridin  solution  has  neither  any  effect  on  the  light,  nor  light  any 
on  the  paramsBcia,  there  must  be  a  change  produced  in  the  akridin 
solution.  This  effect  is  dependent  upon  the  direct  presence  of  light, 
for  the  solutions  of  akridin,  eosin,  erythrosin,  etc.,  were  previously 
exposed  to  light,  and  their  effects  upon  param»cia  examined  in  the 
dark,  and  no  peculiar  toxic  effect  was  found. 

It  is  certain  that  an  absorption  of  light  plays  a  part  in  the  change  of 
the  photodynamic  material.  It  must  be  expected,  and  understood  from 
what  has  been  already  cited,  that  light  which  has  previously  passed 
through  a  layer  of  akridin  solution  has  a  considerably  weaker — certainly 
not  an  increased — ^photodynamic  effect  on  a  paramsdcium-akridin  sus- 
pension [Baab].  The  fluorescence  of  the  photodynamic  material  plays 
also  an  important  part.    This  has  never  yet  be^  mitming  in  any  ease 
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[Tappeiner,  Tappeiner  and  Jodlbauer  (80)].  Aooordingly,  the  "  sensi- 
tizing "  effect  is  the  greater  the  less  the  brightness  of  the  fluorescence  of 
the  photodynamic  material,  unless  certain  proportions  are  attained  [Tap- 
peiner  and  Jodlbauer  (80)].    This  corresponds  with  the  following  facts. 

It  is  not  the  fluorescence  emitted  which  is  the  effective  agent  in  the 
phenomena,  for  paramsBcia  cultures,  enzymes,  etc.,  can  be  rayed  on  all 
sides  with  the  fluorescence  of  the  photodynamic  material — as,  for  instance, 
through  a  small  test-tube  inserted  into  a  larger  one  filled  with  a  layer  of 
fluorescent  material — ^without  any  result  occurring  [Raab]. 

The  physical  nature  of  the  fluorescent  phenomena  is  not  yet  clear. 
It  is  only  possible  to  consider,  on  general  grounds,  that  the  fluorescing 
body  can  change  the  radiant  energy  into  chemical  energy.  Ionization, 
apparently,  plays  a  part  in  the  process. 

The  photodynamic  effects  described  have  a  more  complete  similarity 
with  the  process  of  sensitizing  photographic  plates.  Vogel  discovered, 
in  1873,  that  bromide  of  silver  plates,  which  are  usually  only  sensitive 
to  chemical  rays,  in  the  presence  of  certain  colours  become  more  affected 
by  the  less  red^angible  rays,  and  especially  by  those  which  the  added 
colour  has  absorbed  (orthochromatic  plates).  There  is  no  satisfactory 
explanation  of  this  process.  The  great  resemblance  of  this  optical 
sensitization  with  photodynamic  effects  has  been  often  referred  to 
(73,  75,  81).  Yet  it  appears  that  there  is  no  identity  of  the  two  processes, 
for  the  best  optical  sensitizing  agents  work  without  any  photodynamic 
effect  at  all,  and  vice  versa.  The  most  active  photodynamic  materials 
do  not  sensitize  photographic  plates  [Tappeiner  and  Jodlbauer  (80)]. 
There  may  exist  some  important  connection  between  these  processes 
after  all. 


E.— THE  IMPORTANCE  OF  THE  PRESENCE  OF  OXTOEN. 

Ledoux-Lebard  (82)  observed  that  the  presence  of  large  quantities 
of  oxygen  favours  the  effect  of  the  fluorescent  material.  Further  work 
has  directly  shown  that  the  presence  of  oxygen  is  an  integral  factor  in 
the  production  of  the  photodynamic  reaction — i.e.,  that  it  depends  upon 
the  living  cells  or  the  dissociation  of  iodine  from  potassium  iodide  [Straub], 
or  upon  the  oxidation  of  )8.naphthol  to  form  )8.naphthol-chinone 
[Edlefsen] — ^processes  which,  like  the  deleterious  effect  on  cells,  enzymes, 
and  toxines,  are  favoured  in  the  light  by  the  addition  of  a  fluorescent 
substance  (76,  83). 

Nevertheless,  there  are  also  chemical  reactions  which  are  hastened 
by  light  and  fluorescence  when  oxygen  is  excluded,  and  which  are  arrested 
by  light  and  fluorescence  in  the  presence  of  oxygen — e.g. : 

2Hgaa+ 2(NH4)C,Oj=  Hgjaj+  2imjOl+2  CO, 

[Jodlbauer  and  Tappeiner  (83)]. 

The  principle  that  the  presence  of  oxygen  is  necessary  for  photo- 
dynamic action  is  not  proved,  in  spite  of  it  being  the  rule  in  nearly  all 
the  cases  in  point. 
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P.— THE  GENERAL  BIOLOGICAL  IMPORTANCE  OP  SENSITIZATIOM. 

The  distribution  of  fluorescent  substances  is  so  wide  in  the  Hnhnii] 
and  vegetable  kingdoms  that  many  of  the  phenomena  of  life  preseot 
an  opportunity  of  comparing  photographic  and  photodynamic  seofli- 
tization. 

One  fluorescent  colouring  material  of  the  greatest  importance  for  the 
assimilation  of  OO2  by  plants  is  chlorophyl.  The  change  of  radiant  into 
chemical  energy  which  takes  place  in  a  leaf  may  be  compared  to  the 
importance  of  the  coloured  sensitizer  for  photographic  plates.  A  similar 
phenomenon  occurs  in  the  action  of  the  equally  fluoresc^it  visual  purple 
[G.  Busck  (16)]. 

Blood-serum  also  fluoresces,  so  that  it  is  quite  possible  that  photo- 
dynamic  processes  take  place  inside  the  body,  even  if  they  are  not  of  an 
extensive  character. 


G.— EXAMPLES  FROM  PATHOLOGICAL  CONDITIONS. 

That  certain  processes  of  a  photo-dynamic  nature  have  been  experi- 
mentally produced  in  pathological  processes  is  well  known.  Of  special 
interest  is  the  spontaneous  appearance  in  cattle  of  what  is  known  as 
the  Buchweizen  disease. 

Wedding  (84),  in  1887,  directed  attention  to  the  &ct  that  in  cattie 
and  sheep  fattened  on  buckwheat  a  vesicular  erythema  developed  when 
the  animals  were  in  light,  whether  sunlight  or  diffused  daylight.  Tarring 
of  the  skin  hindered  the  development  of  the  affection,  and  the  spots 
covered  with  black  hair  were  not  affected.  Virchow  (84)  confirmed  these 
observations. 

According  to  Busck,  the  buckwheat  contains  a  fluorescent  material 
— '*  fluorophyll " — and  if  his  clear  demonstration  has  not  sufficiently 
succeeded  in  proving  the  question  experimentally,  yet  it  is  apparent 
that  buckwheat  sickness  is  dependent  on  a  sensitizing  of  the  skin  by 
means  of  the  colour  material  contained  in  the  ingested  grain. 


H.— THERAPY. 

The  local  treatment  of  carcinomatosis  and  tuberculosis  of  the  skin 
by  means  of  sensitizing  materials  was  first  undertaken  by  Tappeiner 
and  Jesionek  (86)  in  1903.  They  produced  necrosis  and  separation  of 
the  affected  tissues.  Very  encouraging  communications  were  later 
received  from  Jesionek  and  from  Neisser  and  Halberstadter  (81).  The 
latter  found  that  the  reaction  on  tuberculous  and  other  tissues,  even 
deep  down,  was  more  energetic  and  effective  than  with  the  usual  Finsen 
treatment  alone. 

Theoretically,  other  effects  may  be  expected  from  the  use  of  these 
sensitizers.    Dreyer,  Neisser  and  Halberstadter  rightly  bring  forward 
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the  fact  that  with  many  sensitizing  materials  even  red,  yellow,  and 
green  rays  produce  active  results — ^the  very  rays,  that  is,  which  have 
the  greatest  penetration  and  the  least  biological  activity — at  least,  in 
animals.  If  we,  therefore,  succeed  in  making  these  deeply  penetrating 
i^ys»  by  means  of  sensitizing,  as  active  in  chemical  power  as  the  blue 
and  violet,  the  advantages  of  the  chemical  rays  are  obtained  without 
their  disadvantages. 

In  the  treatment  of  skin  diseases  the  effects  produced  have  been 
minimized  by  the  weakness  of  the  penetration  of  the  blue  rays,  especially 
with  Bang's  iron  lamp,  which  gives  out  chiefly  ultra-violet  rays,  and  is, 
therefore,  only  of  service  in  superficial  affections ;  with  the  Finsen 
apparatus,  also,  the  deep  effect  is  often  incomplete  [Neisser]. 

Erythrosin,  lately  used  by  Dreyer  (76),  promises  especial  advantages, 
owing  to  its  slight  fluorescence  and  its  strong  absorption  for  green.  The 
future  must  show  whether  these  promises  will  be  realized. 

The  treatment  of  disease  in  general  has  not  yet  made  use  of  the 
photo-dynamic  activity.  There  is  this  to  note,  however :  that  Tappeiner 
and  Jodlbauer  were  able  to  prove  the  weakening  of  diphtheria  toxine  in 
animals  by  photo-dynamic  processes — that  is,  that  animals  previously 
treated  with  eosin  or  methylene-blue  tolerated  what  would  otherwise 
have  been  a  lethal  dose. 

It  is  easy  to  follow  Busck's  (16)  train  of  thought  when  he  proposes  to 
treat  malarial  patients  with  sun  or  electric  baths  in  addition  to  the 
quinine. 
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RONTGEN   AND  RADIUM  RAYS. 

Although  the  Rdntgen  rays  are  much  less  complex  than  the  radium 
rays,  their  physiological  effect  is  so  similar  to  that  of  radium  rays — so  far 
as  is  known — that,  to  prevent  repetition,  both  forms  of  radiant  energy 
will  be  here  considered  together.  It  must  be  remembered,  however, 
that  the  Rontgen-ray  tube,  apart  from  the  peculiar  X  rays,  emits  a 
whole  series  of  physical  phenomena,  whose  action  on  the  tissues  is  not 
yet  sharply  defined. 

The  tissues  react  to  the  rays  by  breaking  down  certain  tissue 
substances  and  producing  a  partial  arrest  or  delay  of  metabolism. 
The  decomposition  products  may  produce  an  ^*  intoxication "  if  they 
are  not  removed  with  sufficient  rapidity. 


L— PENETRATING  POWER. 

The  great  penetration  power  of  the  Rontgen  rays  for  the  soft  parts 
of  the  body  ia  well  known.  There  are  different  divisions  of  the  X  rays 
with  varying  penetration  (corresponding  roughly  to  the  individual 
colours  of  the  spectrum).  Rays  of  more  penetrative  power  are  produced 
from  a  Rontgen  tube  of  high  vacuum — ^the  so-called  "  hard  " — ^than  from 
a  "soft"  tube. 

The  radium  rays  comprise  three  sets  of  rays — the  a,  )3,  and  y  rays, 
the  latter  of  which  are  related  to,  or  are  identical  with,  the  Rdntgen 
rays.  The  a  rays  are  very  easily  absorbed,  amongst  other  things,  by  the 
mica  flake  which  generally  closes  in  the  radium  capsule.  The  great 
penetration  power  of  fi  and  y  rays  have  mostly  engrossed  our  attention 
up  to  now.  It  stands  to  reason  that  here  exact  statements  as  to  the 
method  of  technique  are  essential  if  we  are  to  avoid  the  introduction  of 
an  "  incalculable  factor  "  in  the  estimation  of  the  results  of  experiments 
such  as  seems  almost  unavoidable  with  the  Rontgen  rays,  on  account  of 
the  various  strength  of  raying,  different  degrees  of  vacuum,  and  the  various 
admixture  of  allied  phenomena,  such  as  warmth,  electric  discharge,  etc. 


n.— INFLUENCE  ON  DEVELOPMENT  AND  CELL  LIFE. 
A.— BACTERIA. 

It  appears  from  the  very  large  number  of  researches  that  the  X  rays 
are  only  slightly  bactericidiJ — ^much  weaker,  for  example,  than  the  ultra- 
violet rays  of  light.     Many  observers  deny  any  effect  at  all  (86,  144). 

Radium  rays  are  more  actively  bactericidal,  but  less  so  than  those  of 
light  (87). 
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B.— SINGLE  CELLS. 

1.  Plant  CeUs. 

The  flow  of  the  protoplasm  in  the  ceUs  of  VaUisneria  spiralis  is, 
According  to  Lapriore  (88),  hastened  by  half  an  hour's  exposure  to 
1>he  X  rays.    With  longer  exposure  the  protoplasm  is  injured. 

In  Bryopsis  plumosa,  according  to  Joseph  a«nd  Prowazek  (89),  there 
are  also  changes  in  the  flow  and  morphological  arrangement  of  the 
protoplasm. 

2.  Protozoa. 

Schaudinn  (90)  and  Joseph  and  Prowazek  (89)  have  observed  that  the 
immediate  sensitiveness  of  single-celled  organisms  is  much  less  to  the 
Rontgen  rays  than  might  be  expected  from  the  considerable  physio- 
logical effect  of  the  rays  on  the  tissues  of  man.  Schaudinn  did  not  per- 
ceive any  changes  in  LabyrinU^ida  macrocysiis  after  fourteen  hours' 
exposure.  Paramosciaj  also,  did  not  react  at  all  to  eight  hours'  Rontgen, 
or  to  forty-eight  hours'  radium,  raying  [A.  Jodlbauer  (91)].  The  Amoeba 
princeps  (Ehrenberg),  at  first  became  more  lively,  after  five  to  six  hours 
less  so,  and  after  ten  hours  all  the  specimens  became  spherical.  Other 
protozoa  are  more  sensitive,  showing  that  there  are  great  differences  in 
unicellular  creatures  in  their  reaction  to  the  Rontgen  rays. 


C— MULTICELLULAR  ORGANISMS. 

In  these  organisms  the  processes  of  germination  and  development 
may  be  considerably  affected  by  the  "  rays." 


1.  Plants. 

According  to  Lapriore  (88),  the  pollen  germination  in  Oenista  and 
DarlingUmia  ceases  during  raying,  but  not  permanently.  On  the  other 
hand,  Maldiney  and  Thouvenin  (92)  found  that  the  seeds  of  bindweed, 
watercress,  and  millet,  after  an  hour's  raying,  germinated  several  days 
earUer  than  the  unexposed  control  seeds.  Wolfenden  and  Forbes  Ross 
(93)  observed  similar  effects. 

Perthes  and  Nathanson  (94)  noted  a  delayed  development  in  beans 
(Vioia  faba).  The  average  length  of  the  germ-roots,  all  of  which  were 
at  the  beginning  5  millimetres  long,  amounted,  after  a  sUght  appUca- 
tion  of  Rontgen  rays  or  more  prolonged  radium  exposure,  to  : 


Da^s. 

Beans  not  Bayed. 

WUh  X-Bay 
Exposure, 

With  Badifim 
Exposure. 

2 

4 

mm. 

78-6 

121-7 

mm. 
35-2 
420 

22 
24 
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The  greater  delay  is,  therefore,  produced  by  the  radiam  raya — a  fact 
which  had  ahready  been  observed  by  Beoquerel  and  Dauphin  (95). 

2.  Animals, 

Bontgen  and  radium  rays  produce  peculiar  developmental  distorb- 
ances  in  the  eggs  of  ascaris,  the  sea  hedgehog,  and  the  silkworm,  on  toad 
embryos,  and  triton  larv».  These  changes  consist  in  a  prolonged  peciod 
of  cleavage  and  differentiation  processes,  which  lead  to  grotesque  malfor- 
mations, and  eventually  to  death.  The  embryonic  cells  are  not  killed 
immediately  by  the  most  intense  application  of  the  rays,  but  are  sahse- 
quently  altered  in  their  development  (94,  96  to  98). 

The  regeneration  of  an  incised  area  is  hindered  if  subjected  to  the 
rays  some  time  previously. 

In  chickens,  Perthes  has  shown  that  raying  of  a  wing  delays  the 
development  of  the  associated  bones  and  feathers. 


in.— INFLUENCE  ON  MOTOR  PROCESSES. 

Joseph  and  Provazek  (89)  have  shown  that  there  is  a  negative  tropis- 
mus  to  the  Rontgen  rays  in  infusoria,  especially  in  FaramaKtia  caudakt 
and  Vclffox^  as  well  as  in  Da'pikne, 


IV.— EFFECT  ON  GENERAL  NUTRITIVE  CONDITIONS  AND 
THE  TRANSFORMATION  OF  ENERGY. 

The  effect  on  general  metabolism  has  not  yet  been  investigated. 
Considering  the  effect  of  exposure  to  the  Rontgen  rays,  the  Zontz- 
Geppert  method  holds  out  a  promise  of  the  best  results. 

In  animals,  loss  of  appetite,  weakness,  loss  of  weight,  cachexia^  and 
finally  death,  may  occur  after  strong  raying  (99). 

The  temperature  of  the  body  is  not  changed  immediately  by  the 
raying  (100).  In  skin  diseases,  however,  slight  rises  in  evening  tempera- 
ture of  i°  to  1^  C.  may  occur  during  the  periods  of  raying  [Baermann  and 
Linser].  In  leuchsBmic  patients,  who  often  show  a  rise  of  temperature, 
pyrexia  frequently  accompanies  the  treatment.  This  corresponds, 
probably,  to  the  rises  in  temperature  which  are  observed  to  follow  the 
injection  of  nuclein-containing  substances.  It  is,  of  course,  usual  for 
the  temperature  to  rise  when  dermatitis  or  ulceration  complicate  the 
application  of  the  rays.    See  also  p.  1232,  XTV. 


v.— EFFECT  ON  ENZYMES  AND  FERMENTATION  PROCESSES. 

A.— SLIGHT  EFFECTS. 

The  best-knowi)  ferments,  such  as  chymosin,  were  frequently  sub- 
jected  to  the  Rontgen  rays  without  any  result  (91,  102). 

Radium  rays  acted  similarly  (91,   102,   103).    Schmidt-Nielsen,  at 
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any  rate,  attributed  the  slight  effect  which  he  obtained  in  his  researches 
to  the  simultaneous  development  of  ultra-violet  rays. 

The  effect  on  invertin  obtained  by  Henri  and  Mayer  was  very  weak, 
and  only  demonstrable  under  certain  conditions. 


B.— FAVOURABLE  EFFECTS. 

On  the  other  hand,  certain  fermentations  appear  to  be  favoured  by 
the  salts  of  radium  (105). 

With  radium  rays,  Neuberg  (106)  found  a  much  more  rapid  destruc- 
tion of  albumin  in  an  emulsion  of  carcinomatous  material  which  had 
been  rayed  than  in  one  which  had  not  been  rayed.  Jul.  Wohlgemuth 
(107)  observed  the  same  for  tuberculous  lung  tissue.  Four  times  as 
much  nitrogen  was  freed  in  three  days  after  fifteen  to  thirty  minutes' 
longer  exposure  to  radium  than  in  the  control  experiments. 

On  the  other  hand,  BergeU  and  Braunstein  observed  that  radium 
raying  hindered  the  activity  of  pancreatin  on  peptone — that  is,  that  less 
tyrosin  was  formed  than  with  the  usual  ferment  action.  Yet  the  fer- 
ment process  was  markedly  favoured  by  the  addition  of  radium  bromide 
itself,  or  of  radio-active  water. 

L6pine  and  Boulud  have  found  that  in  animals  which  have  been 
repeatedly  rayed  with  Rontgen  rays  there  is  a  marked  disappearance  of 
the  glycogen  of  the  liver.  In  vitrOy  there  was  an  increase  in  the  glycolysis 
of  the  blood  and  of  the  amyloljrtic  function  of  the  pancreas  under  the 
influence  of  the  X  rays  (108). 

C— INVESTIGATIONS  FROM  THE  EXPLANATORY  STANDPOINT. 

Although  at  present  we  stand  on  the  threshold  of  our  knowledge 
of  this  subject,  in  the  light  of  our  Umited  experience  there  is  certainly 
much  to  be  said  in  favour  of  Wohlgemuth's  opinion  that  radium  certainly 
originates  many  autolytic  processes.  Wohlgemuth  endeavoured  thus 
to  explain  a  statement  made  by  Schwarz  (109),  which  suggested  a  wider 
interpretation,  and  accorded  with  the  views  of  those  investigators  who 
beUeved  that  they  had  foimd  in  it  the  key  to  many  of  the  biological 
effects  of  X  and  Becquerel  rays. 

Schwarz  recorded  that  colour  changes  and  a  disagreeable  taste 
occurred  in  the  yolks  of  hens'  eggs  after  exposure  to  radium.  These 
changes  he  attributed  to  the  splitting  off  of  trimethylamin  during  a 
decomposition  of  lecithin. 

Werner,  Exner  and  Schlachta  (110),  in  the  extension  of  Schwarz's 
views,  have  sought  in  the  above-mentioned  phenomena  for  the  cause  of 
the  deleterious  effect  which  the  X  and  Becquerel  rays  produce  on  the 
young  cells  which  are  rich  in  lecithin  (tumour  cells,  etc.).  At  the  same 
time  they  have  produced  changes  in  the  skin  typical  of  direct  irradiation 
by  the  injection  of  lecithin  which  has  been  rayed  by  radium  or  Rontgen 
rays,  or  has  been  ozonized. 

Were  it  permissible  to  explain  a  complex  question  in  the  presence  of 
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a  still  unknown  influence  by  a  factor  which  has  only  just  come  to  our 
knowledge  accidentally,  it  must  be  remembered  that  Sch^warz's  obeerra- 
tion  is  by  no  means  widely  accepted.  Repeating  Schwaiz's  ezperixneats, 
Thies  was  not  able  to  demonstrate  any  effect  on  the  yolks  of  eggs  ;  and 
Wohlgemuth  failed  to  find  any  change  in  pure  lecithin  wliich  had  been 
rayed. 

It  is  therefore  evident  that  all  theories  of  the  effects  of  Rontgen  and 
radium  rays  which  are  based  on  the  decomposition  of  lecitliiii  stand  on 
very  uncertain  ground. 


VI.— EFFECT  ON  THE  BLOOD. 

A.— IN    THE    HEALTHY    INDIVIDUAL. 

1.  Erythro(^ytes  and  Hamoglobin. 

Heinecke  observed  an  accumulation  of  pigment  in  the  spleen  in  mice 
and,  to  a  certain  extent,  in  guinea-pigs  and  rabbits,  after  exposore  to 
Rontgen  rays.    This  siderosis  corresponds  to  a  destruction  of  the  red 
blood-corpuscles.     However,  as  the  pigment  formation  was  not  excessive, 
only  a  slight  destruction  of  red  blood-corpuscles  was  assumed.      As  a 
matter  of  fact,  the  red  corpuscle  count  sank  correspondingly  little  in 
animals  (rabbits)  for  the  first  fourteen  days,  the  hsBmoglobin  appareotfy 
remaining  constant.    Only  in  the  third  week  did  a  real  fall   appear 
coincidently  with  the  dermatitis.      Heineke  (112)  himself  did  not  ]af 
too  much  stress  upon  these  results  because  of  the  methods  employed. 

In  his  rabbits  the  retrogression  of  the  hsemoglobin-containing  ele- 
ments is  not  so  insignificant.  The  following  extracts  from  his  tables 
demonstrate  this : 


Date, 

Exposure 
in  Hours. 

Erythro- 
cytes, 

Leuco- 
cytes, 

Hoemo- 
gMnn. 

Bemarks. 

1 

April  22 

9 

6.980,000 

10.300 

90 

_ 

„      23 

14 







"^                      1 

M      24 

2 

7.300.000 

4.000 

80 

Oounted  before  ezpoBwe. 

„      26 



5.600,000 

3.300 

80 

— 

May      2 

— 

6.520.000 

2.250 

90    { 

Animal  languid ;  eyes  dull ; 
hair  fallen. 

»        6 

— 

4.220.000 

1,850 

70 

—                     1 

»        9 

— 

4,770.000 

1.930 

40 

— 

„      12 

-{ 

Strong  dermatitis  on  head 

'~~ 

~~" 

~~ 

„      13 



4.340.000 

3.050 

50 

""                      I 

linser  and  Helber  (113)  observed  a  moderate  anaemia  in  dogs,  rabbits, 
and  rats,  but  we  regard  this,  as  Heineke  (112)  did  himself,  as  secondary 
to  the  general  condition  of  the  animals.  The  shape  of  the  erythrocytes, 
too,  showed  no  alteration,  though  after  long-continued  exposure  granula- 
tion and  polychromatophilia  were  occasionally  met  with. 
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Sloch  (126),  in  healthy  men,  after  exposure  for  twenty  minutes  on 
six  conseoutive  days,  found  as  follows  :  Erythrocytes,  from  6,205,000  to 
5,475,000 ;  hemoglobin,  from  16*68  per  cent,  to  15*85  per  cent. 

When  erythrocytes  are  suspended  in  salt  solution,  the  Rontgen  rays 
do  not  produce  any  change  (114).  When  blood  is  rayed  in  Ugatured 
veins,  it  is  unaltered  (101). 

The  haemoglobin-containing  elements  of  the  bone-marrow  also  remain 
uninfluenced  (115). 

The  inference  is,  therefore,  that  the  Rontgen  rays  do  not  exert  any 
primary  influence  either  on  the  hsemoglobin  or  on  the  erythrocytes. 


2.  Leucooytes. 

In  estimating  the  changes  in  the  blood  resulting  from  X  rays,  the 
leucocytes  are  of  interest,  not  merely  from  the  standpoint  of  pathology, 
but  also  from  that  of  biology. 

Heineke  (112)  has  shown  that  the  lymphoid  tissues  are  almost  speci- 
fically sensitive  to  the  Rontgen  rays. 

In  guinea-pigs  and  mice,  after  a  three  hours'  exposure  to  the  rays, 
the  lymphoid  tissues  of  the  spleen,  the  lymph  glands,  and  the  skin 
follicles  distinctly  commence  to  disappear.  The  nuclei  of  the  lympho- 
cytes break  up  into  chromatin  granules  in  less  than  an  hour.  The 
nuclear  fragments  are  removed  by  phagocytes.  In  twenty-four  hours 
aU  the  lymphoid  tissue  is  completely  altered.  Some  time  later — after 
a  few  days — a  similar  process  begins  in  the  splenic  pulp  (polymorpho- 
nuclear leucocytes,  eosinophile  cells),  and  in  the  cells  of  the  bone-marrow» 
the  marrow  becoming  rich  in  fat  and  blood  [Heineke  (112)]. 

These  changes  in  the  haematopoietic  organs  correspond  to  a  con- 
siderable fall  in  the  leucocyte  count  in  the  blood-stream.  This  is  mani- 
fest in  the  following  tables.  In  correspondence  with  the  predisposition 
of  lymphoid  tissue,  the  lymphocytes  apparently  succumb  most  rapidly. 
Linser  and  Helber  give  the  following  table  for  rayed  dogs  (113) : 


DaU, 


I I 


February    8  I  —  i  28,600 

„        14  j  40  .  12,000 

,.         24  60  ■        900   - 

March  1     ..  10        2,400 

»     7     ..  -        2,100 


m  n 


iifi 


hUh 


5 
12 
-    .    -      22 


I:? 


1^ 


I 


I 


4,590,000 1  864,000 
4,010,000  285,000 
8,810,000  ,  8,120,000 


■ 

-• 

^ 

i 

ft? 

1 

90 

4,920 

— 

4,760 

76 

4,250 

— 

4,080 

65 

8,910 

Similar  results  are  recorded  by  Thies  (111)  for  radium. 

However,  Quadrone  (115)  occasionally  was  unable  to  demonstrate 
any  effect  of  the  rays  on  the  blood  in  rabbits  and  guinea-pigs. 

As  regards  healthy  men,  Bloch  observed  that,  after  an  exposure  of 
two  hours,  the  leucocyte  count  fell  from  14,300  to  7,200  per  centimetre. 
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3.  Hamolydn ;  AleiliL 

Linser  and  Helber  did  not  notice  any  effect  of  the  rays  on  the  lismo- 
lytic  property  of  blood  (113). 

Quadrone  has  shown  an  increase  of  the  alexin  in  the  senini,  due  to 
the  destruction  of  leucocytes  (116). 


B.— EFFECT  OF  rSnTGEN  RATS  ON  THE  BLOOD  IN  DISEASE, 
ESPECIALLY  Df  LEUCHJEMIA. 

Since  the  publication  of  Senn's  work,  leuchsmia  has  formed  a  special 
field  for  the  Rontgen  treatment.  Considerable  information  on  the 
changes  in  the  blood  has  been  accumulated,  but  for  the  most  part  aH 
allusion  to  the  different  forms  of  leucocytes  is  omitted.  A  good  review 
is  given  by  E^rause  (100)  and  Schirmer  (116),  and  by  Franke  (117). 

1.  Erythroeytes. 

During  the  treatment  of  leuchsemic  pati^its  with  Bontgea  rays 
the  er3rthrocytes  sometimes  increase  to  double  the  number  (100,  114,  117^ 
118).  The  hemoglobin  and  the  specific  gravity  of  the  blood  as  a  whole 
are  increased  simultaneously,  all  in  correspondence  with  the  improve- 
ment in  the  general  health.  Pathological  forms,  such  as  megaLoblasta* 
decrease  or  entirely  disappear.  In  occasional  cases,  even  after  ao 
excellent  initial  result  and  complete  disappearance  of  the  leucocytes* 
the  blood-picture  of  pernicious  ansBmia  is  produced  (119). 

2.  Leucoeytes. 

In  the  overwhelming  majority  of  cases  there  is  a  striking  diminoti<Mi 
in  the  number  of  the  leucocytes.  A  fall  from  600,000  to  the  normal  may 
be  often  met  with. 

The  diminution  usually  commences  after  several  hundred  minutes  of 
exposure.  A  definite  fall  can  occur  after  1,000  to  2,000  minutes  of 
exposure  [Ejrause  (100)].  Idiosyncrasy,  of  course,  plays  a  large  part — 
as  in  a  case  of  Franke's,  in  which  the  leucocytes  had  already  faUen  to  one- 
half  their  number  the  day  after  the  first  exposure.  Many  authors 
have  described  a  primary  increase  of  the  leucocytes,  especially  of  the 
polynuclears — ^not  a  hyperleucocytosis  of  myelocytes — ^which  soon  gives 
place  to  a  decrease.  Leucocyte  fragments  may  even  appear  in  the 
circulation  [Aubertin  and  Beaujard  (120)].  This,  however,  is  not  a 
usual  occurrence  [Krause  (100)]. 

The  fact  established  by  Heineke  from  experiments  on  animals  that 
lymphoid  tissue  is  first  obliterated  rapidly  by  the  Rontgen  rays  does 
not  closely  correspond  clinically  with  the  blood-picture  of  leuchaBmia. 

The  myelocytes  are  the  first  to  disappear,  then  follow  the  lympho- 
cytes.   At  the  same  time  the  percentage  of  the  neutrophile  polynuclears 
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dsea.  In  myelogenous  leuchsBmia  cases  have  been  seen  in  which  the  blood- 
oicture  returns  entirely  to  the  normal  (118,  121).  As  a  rule,  however, 
khe  myelocytes,  even  with  a  more  normal  leucocyte  count,  do  not  return 
to  normal — a  sign  that  there  is  only  a  symptomatic  effect  on  the  disease. 

IPor  example,  the  case  of  myelogenous  leuchsBmia  of  Cromer's  given  on 
p.   1228  shows  a  typical  course. 

In  lymphatic  leuchsBmia  there  is  also  a  return  of  the  actual  leucocyte 
count  to  normal,  yet,  as  a  rule,  the  individual  leucocytes  are  not  favour- 
a*l>ly  affected  as  in  myelogenous  leuchsBmia.  The  lymphocytes  always 
gain  the  upper  hand  (100,  121). 

The  mast  cells  often  decrease  slowly  out  of  proportion  to  the  rest, 
and.  so  increase  their  actual  percentage  (117,  122). 

3.  Researehes  to  Explain  the  Decrease  in  the  Leneoqrtes. 

Since  Heineke's  work,  the  fall  in  the  leucocyte  count  in  cases  of 

leuchsemia  treated  by  the  X  rajrs  has  been  referred  to  the  action  on  the 

germ  centres.    Grawitz  (123)  showed,  in  1904,  that  in  hypisotonic  6  i>er 

cent,  salt  solution  the  leucocytes  of  a  leuchffimic  patient  showed  more 

resistance  before  raying  than  after  it.    Linser  and  Helber  (113)  main- 

tckined  that  there  is  a  direct  injury  to,  and  destruction  of,  the  leucocytes 

in  the  blood-stream.    The  reduction  of  the  leucocytes  they  consider  as 

a  secondary  process  dependent  on  the  primary  fall  of  the  leucocytes  in 

the  blood-stream.    Firstly,  the  disappearance  of  the  leucocytes  in  the 

circulation  should  occur  before  that  in  the  germ  centres.    Secondly,  the 

appearances  of  destruction  of  the  white  corpuscles  in  a  hanging  drop 

after  a  two  hours'  exposure  can  be  directly  demonstrated.    But  beyond 

all  this  the  blood-serum  of  a  rayed  leuchsemic  patient  contains  leuco- 

tozic  material  which  destroys  the  white  blood-corpuscles.    This  leuco- 

toxic  action  occurs  as  well  in  a  test-tube  as  in  the  bodies  of  animals. 

After  injecting,  for  example,  the  blood-serum  of  a  rayed  rabbit  into  a 

second  rabbit,  a  decrease  of  leucocytes  results  instead  of  the  increase 

which  ought  to  follow  that  of  normal  serum. 

The  raying  of  weU-centrifugalized,  and  therefore  leucocyte-free, 
serum  produces  no  leucotoxine.  The  leucotoxic  material  is  only  formed 
by  the  decomposition  of  leucocytes.  Leucotoxine  is  rendered  inactive 
if  warmed  for  half  an  hour  to  50  to  60^  C. 

The  body  becomes  immunized  to  the  leucotoxine  with  longer  expo- 
sures, and  this  explains  the  rises  in  the  leucocyte  counts  which  are  often 
found  in  the  course  of  longer  exposures  [Linser  and  Helber  (113)]. 
Hoffmann  observed  similar  leucolysis  after  the  injection  into  another 
leuchiemic  of  the  blood-serum  of  a  patient  who  had  been  rayed.  Cursch- 
mami  and  Gaupp  (124)  confirmed  and  amplified  the  findings  of  Linser 
and  Helber.  Capper  and  Smith  observed  that  the  mononuclears  were 
chiefly  affected,  and  that  the  degree  of  leucolysis  corresponded  to  the 
clinical  improvement  manifested  by  the  patient  under  X  rays.  The 
phagocytic  properties  were  unaltered.  Repeated  injections  of  a  leuco- 
lytic  serum  obtained  from  a  case  of  Ijrmphatic  leuchsemia  were  followed 
by  a  remarkable  f aU  in  the  mononuclear  leucocytes,  but  a  partial  immunity 
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to  the  serum  soon  appeared  (146).  On  the  other  hand,  Franke  came  to 
xiegative  results,  and  finally  Eleineberger  and  Zoppritz  (125)  subjected  the 
leucotoxme  to  a  keenly  critical  investigation,  which  led  to  an  absolutely 
contradictory  result,  both  on  theoretical  and  experimental  grounds. 
Avoiding  repetition,  it  seems  to  us  that  the  details  of  careful  work 
make  the  existence  of  a  Rontgen  leucotoxine--4.e.,  a  complex  cytolysin 
— appear  improbable. 


Vn.— PROTEIN  METABOLISM. 
A.— IN  THE  HEALTHY  INDIVIDUAL. 
1.  Nitrogan  Excretion. 

From  the  destruction  of  the  Ijrmphoid  tissue  by  the  X  rays  which 
has  been  described,  a  simultaneous  increase  in  the  excretion  of  nitrogen 
may  be  expected.  This  is  clearly  shown  in  the  somewhat  fragmentary 
communications  of  Baermann  and  Linser  (101).  The  following  table 
shows  an  increase  of  the  nitrogen  excretion  in  the  urine  of  patients 
suffering  from  skin  diseases  who  were  rayed  twice  a  day  and  kept  on  the 
same  food : 


DaU. 

/. 

Faacee  Nitrogen. 

Remarks, 

Urine 
Nltro- 
gen. 

Fnoee  Nitrogen. 

Urine 
Nitro- 
gen. 

Deoember  17 
18 
19 
20 

Gm. 
12-71 
12-85 
12-27 
12-67 

Total       nitrogen, 
8-96   grammes ; 
2-24     grammes 
daily 

Qm. 
15-28 
15-50 
15-73 
15-19 

Total       nitrogen, 
3-78   grammes ; 
0-95       gramme 
daily 

Total  nitrogen  ex- 
oretion.      16'38 
grammes 

— 

Average      . . 

12-60 

Total  nitrogen  ex- 
cretion,     14-84 
grammes 

15-43 

— 

Deoember  21 
22 
23 
24 

18-62 
18-85 
18-96 

12-33 

Total       nitrogen/r 
I  6-84   grammes  ;\ 
s.  1-46     grammes 
daily 

16-47 
16-92 
17-95 

15-80 

Total       nitrogen, 
4*16   grammes ; 
1-04     grammes 
daily 

RajTB  applied 
day. 

Average 

13-32 

Total  nitrogen  ex- 
cretion,     15-29 
grammes 

16-78 

Total  nitrogen  ex- 
cretion,     17-82 
grammes 

— 

Deoember  26 
26 
27 
28 

12-80 
12-41 
12-32 
12-68 

Total       nitrogen,! 
10-28  grammes ; 
2*67     grammes  ( 
daily 

14-66 
16-46 
15-75 
15-22 

Total       nitrogen, 
4-09  grammes ; 
1-02     grammes 
daily 

— 

Average     .. 

12-63 

Total  nitrogen  ex- 
cretion,       16-1 
grammes 

16-27 

Total  nitrogen  ex- 
cretion,    16-29 
grammes 

— 
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The  loss  of  nitrogen  which  appears  for  the  first  three  or  four  days  after 
the  raying — as,  e.g.,  in  II. — ^is  considerable,  and  the  question  is  whetiier 
it  can  be  attributed  to  the  destruction  of  the  lymphoid  tissues,  or  whether 
there  is  not  some  peculiar  effect  of  the  X  rays  in  increasing  the  disin- 
tegration of  protein. 

2.  Urle  Add  and  Pnrin  Bases. 

Bloch  (126)  observed  in  a  man  with  eczema  that  the  excretion  of 
purin  bodies  was  slightly  increased,  and  that  the  PgO^  output  was 
relatively  greater.  Bloch  rayed  on  six  consecutive  diays  for  tw^ity 
minutes  at  a  time,  and  found  on  the  average  : 


Nature  of  Sxperimeni, 

Uric  AM. 

Purin  Nitroffeu, 

P^B- 

Before  exposure  .. 
Daring       »» 
After 

Om. 
0-6690 
0HK)36 
0-6270 

Gm. 
0-0266 
0-0276 
00261 

Gm. 
3-040 
3-427 
3120 

Quadrone  (115),  as  a  rule,  observed  an  increased  PgO^  excretion  in 
the  urine  of  rayed  rabbits  and  guinea-pigs,  but  this  was  not  always 
present.  Oualdi  (146)  records  a  decreased  number  of  leucocytes,  togetlier 
with  an  increased  uric  acid  output. 


B.— Df  DISEASED  CONDITIONS. 
1.  Nitrogen  Exeretton. 

The  facts  available  are  confined  to  leuch»mia,  and  are  few  in  number, 
and  not  exhaustive. 

Three  determining  factors  are  at  work :  Firstly,  the  increase  of  nitrogen 
destruction  shown  by  Baermann  and  Linser  (101)  to  occur  in  the  healtiiy ; 
then  the  increase  in  the  excretion  of  purin  bases  which  depends  upon  the 
destruction  of  the  nuclein-containing  leucocytes ;  and  finally,  acting  in 
opposition  to  these,  the  improvement  which  occurs  in  the  general  con* 
dition  under  Rontgen  treatment. 

Corresponding  to  the  fall  in  the  leucocyte  count  in  the  first  days  of 
treatment,  some  records  show  an  increased  nitrogen  excretion  during 
the  first  days  of  treatment  (127).  Later,  in  the  same  patient  nitrogen 
retention  apparently  occurred  with  progressive  improvement  of  the 
general  condition. 

In  Koniger's  patient,  on  the  other  hand,  excessive  increases  in  the 
excretion  of  PgO^  and  nitrogen  followed  as  an  effect  of  fourteen  days' 
raying,  simultaneously  with  the  recession  of  the  splenic  tumour  and  the 
leucocyte  count,  and  corresponding  with  the  individual  differences  of 
the  times  at  which  clinically  the  effects  of  the  rays  were  apparent. 
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!ExfiU)t  determinations  of  the  nitrogenous  balance  in  leuchamic 
patients  who  have  been  rayed,  with  accompanying  analysis  of  the  f^ces, 
sure  wanted. 

2.  Poiin  Metabolism. 

There  are  numerous  records  which  confirm  the  relations  between  the 
purin  bodies  and  the  nuclein-rich  leucocytes.  But  it  is  only  in  the 
majority  of  the  factors  before  us  that  there  is  any  correspondence — i.e., 
leucocyte  production,  leucocyte  destruction,  uric-acid  formation  and 
excretion — since  the  results  cannot  be  referred  to  either  one  or  the 
other  process. 

3.  Urle  Add. 

A  rapid  rise  in  the  uric  acid  is  often  observed  in  the  first  stages  of 
raying  (128). 

The  following  table  is  taken  from  one  of  Lessen  and  Morawitz's 
cases  (127) : 


Date, 

ErjfihrooyieB. 

Leneoojftes, 

Nitrogen. 

Urie  Acid. 

P^B. 

Period  before  raying  : 

Om. 

Gm. 

Gm. 

Noyember  29-31   .. 

1.400,000 

463.000 

19-26 

1-77 

1-86 

Deoember  1-3 

1.490,000 

660.100 

17-88 

1-69 

2-10 

Period  of  exposure : 

Janoary    4-6 

— 

— 

21-47 

2-06 

3-26 

7-9       .. 



— 

27-40 

2-99 

6-40 

10-12     .. 



367.000 

28-66 

3-16 

6-10 

13-16     . . 

— 

— 

23-20 

1-90 

4-20 

16-18     . . 

2.768,000 

270,000 

16-66 

1-29 

2-40 

19-21      .. 



— 

12-80 

1-26 

2-10 

22-24      . , 

3.176.000 

130.000 

13-20 

1-40 

1-60 

When  the  leucocytes  diminish  at  a  later  stage,  the  uric  acid  appears 
later  (100,  129). 

Yet  CSramer  (121)  and  Amsperger  (130)  did  not  observe  any  increase 
in  the  uric  acid  at  the  time  of  the  fall  in  the  leucocytes,  although  the 
figures  stated  suggest  that  there  was  an  increase.  In  another  case,  on 
the  other  hand — e.^..  Case  I.  of  Morawitz  and  Lossen  (127),  as  also  in  a 
case  of  Stursberg's  (131) — ^no  increase  of  uric  acid  excretion  could  be 
recognised,  notwithstanding  the  faU  in  the  leucocytosis. 

Somewhat  earlier — and  this  may  be  taken  for  the  general  rule  for 
the  course  of  purin  metabolism  during  the  raying  in  leuchsemia — ^it  is 
possible  for  the  appearance  of  the  blood  to  return  to  the  normal  and 
remain  so  for  months,  and  for  the  splenic  enlargement  to  have  disap- 
peared during  the  time  that  a  certain  maintenance  of  weight  continues 
under  the  influence  of  Rontgentherapy.  The  uric  acid  is  generally  low 
in  this  stage,  and  it  appears  that  the  fall  occurs  in  those  cases  which  are 
running  favourably.    The  uric  acid  falls,   either  subsequently  to   an 
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initial  rise,  or  quite  gradoally  to  its  lower  value,  and  thoe  lemains  fcc 
a  long  time. 


AnAor. 

Count. 

JfoxMiMiin 
Number, 

Uric 
Acid. 

Original 

Vaiues  /or  \              Food. 
Uric  Acid.  1 

Monwits  ftnd 
Umm  (127) 

Jottchim   and 
Kurpjuweit 
'    (114) 

;      6,400 

i      _ 

1      6,400 
!      9.500 

315.800 

603.000 

Gm. 
0-320 

0-670 
0-460 

0-244 

1 

1 

1-26        •  200  giii.^«l:&t 
1       otiMTviBe  poo- 
_          j       free     _ 

1-22      ;             — 

The  quantity  of  uric  acid  may  be  considerable,  even  in  citreiK 
leucopenia — 0-9  granune  with  2,200,  and  1-23  granunee  with  750  leoeo- 
cytes  [Morawits  and  Lossen  (127)] — ^bnt  this  is  an  oocasioniy  ooconeDce 
towards  the  dose  of  life. 

The  fact  that  a  decrease  in  uric  acid  generally  attends  a  decrease  d 
leucocytes  does  not  support  the  theory  of  Linser  and  Helber  as  to  the 
disappearance  of  the  leucocytes  in  the  circulation,  but  suggests  thai 
the  lessening  of  the  leucocyte  formation  is  a  result  of  an  influ^ce  apo& 
the  blood-forming  organs. 

4.  Allozur  Bodies. 

In  this  it  is  still  less  possible  to  define  the  general  rule  than  with  tuk 
acid,  either  as  to  a  proportion  to  the  number  of  leucocytes,  or  to  ^^ 
excretion  of  uric  acid.  An  increased  excretion  of  xanthin  bases  witt 
low  uric  acid  values  has  been  described  under  Leuchsdmia  (132,  134). 

5.  Other  Diseases. 

Rosenberger  (132)  and  Stursberg  (131)  record  observations  on  the 
excretion  of  uric  acid  and  xanthin  bases  in  pseudo-leuch»mia.  The 
statements  are  too  few  to  permit  of  any  decisive  conclusions,  although 
no  material  changes  have  been  met  with. 


VIII.— THE  EFFECT  ON  THE  DIGESTIVE  APPARATUS. 
A.— Df  THE  HEALTHY. 


In  the  researches  of  Baermann  and  Linser  the  nitrogen 
was  normal. 

Heineke  observed  diarrhoea  in  animals  after  protracted  exposnie  to 
the  Rontgen  rays,  and  he  attributed  this  to  changes  in  the  b&i^ 
apparatus  of  the  intestine. 
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B.— Df  DISEASED  CONDITIONS. 

The  appetite  is  improved  in  leuchsBmics  under  Rontgen  treatment 
[Krause,  etc.].  Burghart  records  the  occurrence  of  boulimia  in  one 
case  (135). 

Slight  diarrhoea,  however,  has  been  met  with  in  leuchamic  patients 
[Schleip  and  Hildebrand,  Franke,  Krause]. 

In  tuberculous  peritonitis,  Urbino  (14)  found  that  the  Rontgen  rays 
produced  a  disappearance  of  the  abdominal  fluid. 

IX.— EFFECT  ON  THE  KIDNEYS. 

The  occurrence  of  nephritis  has  been  observed  several  times  in 
animals  [Baermann  and  Linser],  and  in  leuchsBmia  [Schleip  and  Hilde- 
brand,  Franke,  etc.]. 


X.— EFFECT  ON  TESTES  AND  OVARIES. 

Animals  become  sterile  after  irradiation  of  the  testes.  No  sperma- 
tozoa are  found  in  preparations  of  the  semen  or  of  the  testis.  The  cells 
of  the  seminal  ducts  disappear  (136).  Radium  produces  these  changes 
more  rapidly  [Seldin  (136)]. 

There  is  obviously  a  definite  connection  in  the  relation  of  the  X  and 
Becquerel  rays  towa^  young,  developing  cells,  an  action  which  finds 
its  analogy  in  the  marked  effect  on  embryonic  development,  regenera- 
tion, and  on  tumour  cells. 

;/^Halber8tadter   describes    similar   processes    of   retrogressive    meta- 
morphosis in  the  ovaries  (136). 


XI.— OTHER  GLANDULAR  ORGANS. 

Considering  the  elective  effect  of  the  Rontgen  and  radium  rays  on 
testicular  tissue,  it  was  a  natural  sequence  to  inquire  into  their  action 
on  other  glandular  organs. 

Puseg,  Boggs,  Mayo,  C.  Beck,  Stegmann,  P.  &ause,  etc.,  record 
the  results  of  raying  enlarged  thyroids.  Pfeiffer,  however,  came  to  com- 
pletely negative  results  from  careful  investigations  in  Bran's  clinic  (137). 
Moszkowitsch  and  Stegmann  were  able  to  produce  a  diminution  in  a 
hj^rtrophied  prostate  (138). 

Fittig  (139)  observed  satisfactory  results  in  Mikulicz's  disease  (swelling 
of  the  salivary  and  lacrymal  glands). 

Researches  on  metabolism  might  be  carried  out  on  these  lines.  They 
would  be  helpful  in  the  case  of  diseases  of  the  thyroid  gland.^ 

^  Radinger  describee  (D.  Med,  W.,  1907,  No.  2)  nitrogen  reteniion  as  the  reeult 
of  raying  two  oases  of  Basedow's  disease. 
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Xn.— EPPECTS  ON  THE  SKIN. 

A.— NORMAL  SKIN. 

Dryness,  slight  pigmentation  of  the  skin,  falling  of  the  hair,  then  an 
inflammation  and  infiltration  of  the  cutis  and  epidermis,  and  finally 
dermatitis  buUosa,  and  even  ulceration,  may  follow  applications  of  the 
Rontgen  rays  [Kienbock  (142)]. 

The  details  of  the  histological  changes  cannot  be  here  discussed. 
The  question  as  to  whether  there  is  an  effect  upon  the  vessds,  or,  as 
the  majority  of  authors  hold,  and  which  also  is  more  probable  from 
analogy  with  other  organs,  a  primary  effect  on  the  epitheUal  cells  must 
also  be  passed  over.  Detailed  accounts  of  the  dermatological  appear- 
ances are  given  by  Preund  (86),  Scholtz,  Halkin  (138),  and  others. 

The  first  signs  of  a  reaction  on  the  skin  are  met  with  after  eight  to 
twenty  days  with  the  Rontgen  rays,  and  much  later  than  after  radium, 
with  which  er3rthema  can  occur  after  only  one  to  two  days. 

The  actual  agent  is,  at  any  rate,  the  Rontgen  rays  themaelyes 
(140,  142),  and  not  the  electric  waves  and  discharges  given  off  by  the 
Rontgen  tube  [Preund,  Schiff  (141)]. 

Consult  also  Chapter  V. 

B.— SKIN  DISEASES. 

Proliferating  diseases  of  the  skin,  carcinoma,  lupus,  and  mycosis 
fungoides  exhibit  a  gradual  disappearance  of  the  diseased  tissue  und^ 
the  Rontgen-ray  treatment.  This  corresponds  with  the  elective  effect 
of  the  rays  on  germ  cells.  It  is  possible  that  many  autolytic  processes 
play  a  part  in  the  absorption  of  the  diseased  products,  and  also  in  the 
improvement  which  has  been  proved  to  occur  under  the  raying. 

Exact  determinations  of  the  changes  in  metabolism  are  urgently 
needed. 

Xm.— THE  NERVOUS  SYSTEM. 

Colombo  (148)  states  that  the  X  rays  act  through  the  sensory  nerve- 
endings,  and  reflexly  affect  the  spinal  cord  and  cerebrum,  thus  consti- 
tuting the  loci  minoria  resiientiai  in  nervous  persons. 


XIV.— THE  NATURE  OP  THE  REACTION  POLLOWING 
EXPOSURE  TO  X  RAYS. 

Edsall  and  Pemberton  (149)  point  out  that  a  previous  nephritis  is 
intensified  by  the  X  rays,  and  their  use  should  therefore  be  restricted  in 
metaboUc  disorders  and  during  infectious  conditions.  A  sudden  demand 
on  the  organism  for  the  complete  disintegration  and  excretion  of  large 
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amounts  of  the  products  of  broken-down  tissue  is  often  followed  by 
halting  and  incomplete  metabolism.  This  in  turn  results  in  an  intoxica- 
tion due  to  the  presence  of  imperfectly  disintegrated  tissue  remnants. 
The  nitrogen  and  uric  acid  is  often  diminished,  and  the  uric  acid  only 
slowly  returns  to  the  normal. 
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CHAPTER  XVI 
NERVOUS  AND  MENTAL  DISEASES 

Bt  L.  MOHB. 

Tramslatbd  bt  SiOBm  Gaslbon. 

A  OONSIDSRABLB  amount  of  clinical  evidence  has  been  accumulated 
to  show  that  nervous  and  mental  diseases  play  an  important  part 
in  many  disorders  of  the  metabolism.  Experimental  data  are  of 
little  service  in  this  connection,  owing  to  the  difficulties  of  technique. 
It  is  possible,  however,  at  least  to  form  a  goieral  idea  of  the  connec- 
tion between  changes  in  the  nervous  tissues  and  the  disorders  of  the 
metabolism. 

No  emphasis  need  be  laid  upon  the  fact  that  the  central  nervous 
system  does  not  play  so  important  a  part  as  the  liver  or  muscles 
in  the  chemical  processes  of  the  tissues.  The  former  idea  that  nervous 
changes  affected  metabolism  in  a  manner  similar  to  that  of  muscular 
work  has  been  definitely  disproved  through  absolutely  reliable  experi- 
ments, showing  that  neither  the  heat  production  [Speck,  Atwater  (1)] 
nor  the  change  of  albumin  and  phosphorus  [Oppenheim,  Speck,  Mainzer 
(2)]  is  altered  by  mental  work  or  mental  rest.  It  has  been  shown 
that  changes  of  metabolism  in  the  older  investigations  are  to  be 
referred  to  the  unconscious  action  of  the  muscles.  These  indirect 
effects  probably  occur  in  pathological  conditions.  The  diseases  of  the 
nervous  system  influence  the  metabolism  in  different  ways,  according  to 
their  association  with  paralysis  or  a  state  of  irritation  of  the  muscular 
system. 

In  addition  to  the  muscles,  other  tissues  may  be  concerned  with  the 
action  of  the  central  nervous  sfystem  upon  metabolism.  The  experiments 
of  Claude  Bernard  and  his  successors  concerning  the  '^  sugar  puncture  " 
and  its  dependence  upon  the  condition  of  the  liver,  the  polyuria  and  albu- 
minuria of  nervous  origin,  and  Pawlow's  valuable  observations  upon  the 
influence  of  psychical  phenomena  on  the  secretions  of  the  digestive 
glands,  and  the  regulation  of  the  heat  production  and  heat  loss  in  its 
relation  to  the  vasomotor  system,  all  suggest  that  in  certain  pathological 
conditions  these  tissues  will  function  abnormally. 

As  a  rule,  it  is  not  difficult  to  recognise  the  action  of  these  forces  in 
certain  altered  conditions  of  metabolism.  It  is  often  in  many  cases  more 
difficult  to  decide  whether  the  observed  or  alleged  disorder  is  the  cause 

1248 


1244  THE  PATHOLOGY  OF  METABOLISM 

rather  than  the  result,  of  the  disease  of  the  central  nenrous  system* 
This  connection  between  the  nervous  system  and  the  metabolism  has 
been  emphasized  in  support  of  the  hypothesis  of  the  auto-intoxication 
origin  of  mental  and  nervous  disorders.  It  is  for  the  chemical  pathologist 
to  justify  this  view  by  further  investigations.  The  foundations  of  this 
theory  are  at  present  not  well  grounded.  The  causes  of  cretinism, 
cholsBmia,  ursemia,  and  diabetic  coma  may  certainly  arise  from  altera- 
tions in  the  chemical  changes  of  the  tissues,  but  for  otlier  conditions 
which  might  be  clinically  placed  with  this  group  no  definite  evidence  is 
forthcoming. 

According  to  previously  ascertained  facts,  the  link  between  disordos 
of  the  metabolism  and  diseases  of  the  central  nervous  83rstem  permits 
of  a  double  explanation  ;  the  anomalies  may  directly  or  indirectly  result 
from,  or  constitute  a  cause  of,  the  diseases  in  question.  How  far  this  one 
or  the  other  view  is  based  on  actual  investigations  is  the  task  to  which 
we  must  now  turn  our  attention. 


A.— THE  ENEBOT  EXCHANGE. 

The  extent  of  the  consumption  of  energy  in  nervous  and  mental 
diseases  is  dependent  upon  the  conditions  of  the  muscular  system,  just 
as  it  is  in  the  normal  individual.  It  will  be  quite  clear  that  during  stages 
of  excitement  these  patients  consume  more  energy  than  in  the  periods 
of  calm  and  stupor.  It  is  also  self-evident  that  muscular  movements 
afiFect  the  gaseous  exchange,  particularly  when  it  is  remembered  how 
the  slightest  contraction  shows  itself  by  an  increased  oxygen  output 
(Zuntz-Qeppert's  method).  It  is,  however,  important  to  determine 
whether  the  ''  rest  exchange  "  of  such  patients  when  kept  in  bed  is  sub- 
normal, and  if  slight  movements  (tremors,  tic,  athetoses,  etc.)  are  reflected 
in  the  total  exchanges  of  the  whole  twenty-four  hours. 

The  data  obtained  by  observations  upon  patients  do  not  suffice  to 
clear  up  the  first  question.  In  some  experiments  Bohrig  and  Zunts  (3) 
noticed  a  lowering  of  the  gaseous  exchanges  of  about  30  to  40  per  c«it. 
after  curare  administration,  and  Erler  and  Pfiiiger  obtained  similar 
results  after  section  of  the  spinal  cord  in  rabbits.  Frank  and  Voit  (3), 
however,  were  unable  to  confirm  the  diminution  produced  by  the  curare. 
In  man  the  results  are  almost  equally  contradictory.  Von  Voit  (4) 
found  in  a  man  with  a  fracture  of  the  eighth  cervical  vertebra  and  paralysis 
of  both  the  extremities  a  CO^  output  of  38  per  cent,  less  than  that  of  a 
healthy  man  during  slight  movement,  and  20  per  cent,  less  than  that  of 
a  healthy  man  during  the  night.  Tigerstedt  (5)  determined  the  ^lergy 
consumption  of  a  starving  hysterical  woman  weighing  48-5  kilogrammes. 
On  the  fifth  day  of  a  sleep  lasting  seven  days  he  obtained  a  value  of 
24-69  calories  per  kilogramme.  This  closely  approximates  that  of 
Johannson  (6)  for  a  period  of  sleep,  and  is  8  peir  cent,  less  than  ihoee  of 
Sond6n  and  Tigerstedt  (6). 
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In  a  man  with  general  muscular  paralysis  Kraus  (7)  found  an 
oxygen  consumption  of  4*46  to  6-22  c.c,  and  a  CO2  output  of  3*01 
fx)  3-66  c.c.  Magnus-Levy  (8)  noticed  in  the  apathetic,  stuporous  period 
following  a  severe  hsemorrhage  an  average  value  of  4-02  c.c.  of  the 
oxygen  and  3-03  c.c.  of  CO)  (case  of  paralysis).  Muller's  (9)  patient 
Tirith  progressive  muscular  atrophy  did  not  exhibit  any  diminution 
of  energy. 

For  the  present  purpose  the  normal  values  of  Kraus  and  Magnus-Levy, 
obtained  as  they  are  from  "  short "  periods,  are  not  directly  applicable ; 
if,  then,  we  take  those  of  Voit  and  Tigerstedt  as  a  basis,  it  is  permissible 
to  infer  that  in  cases  of  chronic  muscular  wasting  the  total  energy  exchange 
is  diminished. 

The  reverse  is  not  the  case  as  regards  the  diseases  in  which  the  mus- 
cular system  is  in  a  lasting,  or  transitory,  stage  of  irritability.  Magnus- 
Levy  (10)  and  Pfeiffer  and  Scholz  (11)  have  been  able  to  show  that  in 
patients  with  paralysis  agitans  the  gaseous  exchange  is  directly  dependent 
upon  the  amount  of  the  tremors,  although  the  total  daily  exchange  is 
probably  not  increased  [Pfeiffer  and  Scholz  (11)].  The  food  requirements 
of  Pfeiffer's  and  Scholz's  patients  were  not  greater  than  for  healthy 
persons  of  the  same  age.  That  is  evident,  because  the  limitation  of 
muscular  activities  that  is  forced  upon  these  patients  by  their  general 
energy  and  tissue  conditions  compensates  for  the  increased  oxygen  re- 
quirements called  for  by  the  tremors.  The  same  might  even  be  expected 
in  other  diseases.  The  total  daily  exchange  of  the  epileptic  is  not  in- 
creased, in  spite  of  repeated  convulsions,  because  the  post-paroxysmal 
periods  of  quiet  balance  the  increased  energy  exchange  during  the 
attacks. 

On  the  other  hand,  when  marked  persistent  muscular  activity  and 
bodily  unrest  occur,  an  increased  exchange  must  be  expected.  In  many 
mental  disorders  these  anomalies  of  the  muscular  activity  and  the  in- 
creased heat  production  may  account  for  the  enormous  reduction  of  the 
body-weight.  Of  course,  it  is  common  clinical  knowledge  that  refusal 
of  food  or  water  may  also  form  a  cause  of  the  loss  of  weight.  But  some- 
times other  factors  are  at  work.  Numerous  investigations  agree  as  to 
the  general  nutritional  condition  of  the  insane.  It  sometimes  deteriorates 
without  reduced  input  or  abnormal  output  of  water  or  increased  expendi- 
ture for  physical  work.  These  peculiarities  are  specially  exhibited  in 
patients  suffering  from  progressive  paralysis  and  epilepsy  (12).  Bosen- 
feld  (13)  has  recently  communicated  similar  results  of  his  investigations 
upon  patients  the  subjects  of  catatony.  In  spite  of  forced  feeding, 
the  rapidly  diminished  body-weight  did  not  respond  to  the  quantity 
of  food.  Death  from  inanition  could  not  be  prevented,  even  with 
an  excess  of  food  (up  to  82  calories  per  kilogramme)  and  almost 
perfect  muscular  rest  and  undisturbed  digestion.  It  is  remarkable  that, 
after  the  recovery  from  the  psychosis,  the  body-weight  quickly  increased 
with  a  food-supply  much  smaller  than  that  administered  by  force 
during  the  illness  [Rosenfeld].  The  output  was  augmented  through 
muscular  contractions.  Bosenfeld's  figures  are  compared  in  the  following 
table : 
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Apart  from  abnormal  loss  of  water,  it  is  certainly  easy  in  these  and 
similar  cases  to  think  of  the  presence  of  a  poison  which  acts  by  increasing 
the  requirements  for  oxygen,  but  there  is  no  evidence  which  supports 
this  idea.  It  is  more  correct  to  conceive  of  a  primary  disturbance  of 
the  heat  regulation  with  an  increased  production.  Rosenfeld's  (13) 
observation  of  the  onset  of  sweating  after  feeding  through  a  tube  indi- 
cates an  anomaly  of  the  heat  loss  which  may  occasion  an  increased  pro- 
duction of  heat,  just  as  heat  retention  may  do  (14).  I  think  that  the 
factor  of  heat  regulaticm  in  man  should  be  more  observed  with  regard 
to  the  extent  of  the  heat  production.  The  heat  regulation  is  very  im- 
portant in  relation  to  the  diseases  now  under  discussion,  and  its  considera- 
tion might  also  point  the  way  to  a  better  understanding  of  the  peculiar 
variations  of  the  body-weight  in  other  mental  conditions.  However,  it 
is  certain  that  the  heat-regulating  apparatus  functions  badly  in  para- 
lytics, epileptics,  and  similar  patients.  How  otherwise  may  the  fre^ 
quent  variations  of  the  temperature  (apart  from  infectious  causes)  in 
paralysis  be  accounted  for  except  as  due  to  defective  heat  regulation  ! 
Similarly,  how  otherwise  may  we  explain  the  observations  of  Kaufimann 
that  in  paralytics  and  hebephrenics  the  temperature  increases  up  to 
39-5^  C.  or  more  after  slight  muscular  work  (100  millikilogrammes !)  or 
an  intake  of  albumin  ?  Probably  the  much-discussed  ''  hysterical  fever  " 
also  depends  upon  a  primary  disturbance  of  the  heat  regulation. 
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B.— PROTEIN  METABOLISIL 

CSianges  in  the  nervous  system  do  not  exert  any  direct  influence 
on  ^e  metabolism  of  protein,  neither  in  health  nor  in  disease.  Earlier 
and  later  investigations,  which  have  shown  the  unaltered  exchange  of 
albumin  during  psychical  rest  and  labour,  during  sleep  or  when  awake, 
pB.  Voit,  Speck,  Mainzer  (16)]  agree  with  the  observations  upon  the 
influence  of  the  stage  of  irritation  in  psychical  diseases  upon  the  exchange 
of  albumin.  In  one  case  of  nervous  irritation  Benedict  (17)  has  deter- 
mined the  nitrogen  exchange  during  irritation  and  rest  without  finding 
any  difference  in  the  protein  exchange.  The  same  negative  result  was 
met  with  in  a  case  of  insanity  exhibiting  periods  of  calm  and  excitement 
[Folin  and  Shaffer  (18)].  Singer  and  Gk>odbody  (19)  record  similar 
figures  in  a  case  of  periodic  paralysis.  The  possible  alterations  cannot  be 
compressed  into  the  formula :  irritation  of  the  central  nervous  system 
increases,  and  pathological  '*  rest  '*  diminishes  the  protein  exchange. 
Wherever  deviations  from  the  normal  occur,  other  factors  must  also 
play  a  part. 

1.  Hysteria. 

Contrary  to  the  supposition  of  GiUes  de  la  Tourette  and  Chatelineau 
(20)  that  the  nitrogen  and  urea  excretion  is  diminished  during  the 
convulsion  stage  of  hysteria,  but  normal  during  the  intervals,  it  has  been 
shown  that  no  quantitative  differences  here  exist  [Mainzer  (21)].  The 
numerous  other  observations  on  the  metabolism  of  hysterical  patients 
have  also  shown  normal  conditions. 

2.  EpUepsy. 

Mairet  and  Lailler  (22)  suggest  that  the  nitrogen  excretion,  sometimes 
the  urea  secretion,  is  increased  during  the  attacks.  In  status  epUepticus 
Krainski  (23)  was  unable  to  find  any  constant  relation  between  the 
nitrogen  output  and  the  attacks.  He  suggests  that  the  urea  S3mthe8is 
is  disturbed  in  these  patients,  and  claims  to  have  demonstrated  an 
increase  of  ammonia  and  of  carbonates  in  the  blood.  Frohner  and 
Hoppe  have  estimated  the  nitrogen  excretion  in  epileptics  under  the 
influence  of  thyroid  medication ;  no  change  from  the  normal  was  observed. 

3.  Progressive  Paralysis. 

In  four  cases  of  progressive  paralysis  Otass  (26)  three  times  found 
an  increased  output  of  nitrogen.  The  urea  excretion  was  normal. 
Recently  Elauffmann  has  shown  that  in  hunger,  in  over-  and  under- 
feeding, with  small  and  average  intakes  of  albumin,  certain  differences 
exist.  In  starving  and  in  well-fed  paralytics  there  was  no  departure 
firom  thQ  conditions  which  obtain  in  healthy,  or  mentally  diseased, 
individuals.  With  the  excessive  intake  of  60  to  78  calories  and 
0-2  gramme  nitrogen  per  kilogramme  large  amounts  of  nitrogen  were 
VOL.  m.  79 
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retained.  With  an  intake  of  42  calories  and  0*11  to  0*13  gramme 
nitrogen  per  kilogramme  some  patients  lost  nitrogen,  others  maintainfri 
nitrogenous  equilibrium,  while  others  again  retained  small  quuititieB  of 
nitrogen.  These  are  practically  within  the  limits  of  normal  variatioos. 
The  only  points  of  importance  are  that  the  assimilation  coefficient  lor 
nitrogen  is  not  high,  and  that  with  an  excessive  intake  these  patients  find 
it  difficult  to  attain  nitrogenous  equilibrium.  During  periods  of  over- 
feeding such  patients  retain  large  quantities  of  nitrogen. 


4.  Catatony. 

Rosenfeld's  (27)  investigations  upon  four  patients  with  catatonj, 
who  were  fed  through  a  tube,  show  a  tendency  to  the  retention  of  nitiogen 
in  spite  of  insufficient  supply  of  nourishment  (after  preceding  hunger). 
With  augmented  iatake  the  nitrogenous  retention  is  increased*  The 
patients  do  not  difiFer  in  this  respect  from  healthy  persons  or  convalescents 
passing  from  starving  or  insufficient  nourishment  to  full  diet. 


5.  Paralysis  Agitans. 

The  work  of  Leva  and  Ffeiffer  and  Scholz  has  entirely  controverted 
the  old  idea  that  the  protein  metabolism  was  increased  in  this  condition. 
There  is  no  difference  whatever  between  Pfeiffer  and  Scholz*s  patients 
and  healthy  persons  of  the  same  age.  The  effect  of  thyroid  extract  is 
the  same  as  in  the  healthy  individual.  The  intermediate  metabolism  of 
albumin  is  also  unaffected  (28). 


6.  Progressive  Museular  Atrophy. 

Miiller's  careful  investigations  show  that  the  exchange  of  albumin 
is  not  pathologically  altered  ;  it  was  easy  to  obtain  a  retention  of  nitrogen. 
The  excretion  of  the  nitrogenous  constituents  of  the  urine  were  normal. 
The  creatinin  excretion  was  not  reduced,  contrary  to  other  investigations 
[Langer,  Jakubowitsch,  Weiss]. 

Spriggs  (67)  found  in  a  youth,  aged  sixteen,  upon  a  purin  and  creatin 
free  diet,  during  rest  in  bed,  the  following  figures  : 


Day, 

NUrogtn, 

Crealinin. 

Uric  Acid, 

Om. 

Qm. 

Om. 

4 

9-6 

0-20 

0-41 

5 

10-8 

0-23 

0-42 

6 

120 

0-27 

0-48 

This  gives  the  very  low  percentage  of  nitrogen  excreted  in  the  form  of 
creatinin  as  0*8,  0*9,  0*8  per  cent,  on  the  three  days,  while  the  uric  acid 
is  about  normal — ^viz.,  1*4,  1-3,  1*3  per  cent. 
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7.  Myasthenia. 

KaufEmann  has  investigated  the  effect  of  muscular  work  in  a  case 
of  myasthenic  paralysis.    In  the  first  series  the  patient  had  an  intake  of 
0-24  gramme  nitrogen  and  42-4  calories  per  kilogramme  body- weight. 
During  a  period  in  which  the  symptoms  were  slight  the  patient  retained 
3-57  grammes  nitrogen  per  day ;    in  a  period  when  the  patient  daily 
walked  about  1,000  metres  on  level  ground  and  went  up  twenty  steps, 
typical  signs  of  disease  appeared,  and  the  nitrogen  retention  amounted 
to  2*38  grammes  nitrogen.    In  the  later  period,  when  the  condition  had 
practically   disappeared,    the   nitrogen   retention   amounted   to   about 
4-30  grammes  per  day.    When  the  investigations  were  repeated,  and 
during   the   first   period  the  patient  was  supplied  with  0*29  gramme 
nitrogen  and  48*7  calories  per  kilogramme,  4-69  grammes  nitrogen  were 
retained  each  day.    In  the  second  period,  during  which  general  prostra- 
tion and  ptosis  appeared  after  muscular  work,  there  was  retention  of 
2-26  grammes  nitrogen.    In  the  third,  during  perfectly  good  health, 
6-62  grammes  nitrogen.    In  a  third  series  of  observations  the  intake 
was  only  0-14  grammes  nitrogen  and  44  calories  per  kilogramme.    During 
the  first  period  there  was  a  loss  of  0-28  gramme  nitrogen,  in  the  second 
period  one  of  0-96  gramme,  and  in  the  third  a  retention  of  2-66  grammes 
daily.    The  relation  between  the  total  nitrogen,  urea,  and  ammonia  was 
as  follows :  In  the  days  when  the  patient  was  well,  the  urea  amounted 
to  82  to  86  per  cent,  of  the  total  nitrogen,  NH,  nitrogen  to  3-6  to  3-7  per 
cent.    When  signs  of  fatigue  appeared,  the  urea  diminished  and  the  NH, 
increased  ;  the  corresponding  figures  are  66*66  per  cent,  to  62*4  to  74  per 
cent,  urea,  and  8-66,  13-23,  and  9*1  per  cent.  NH,  nitrogen.    The  urea 
synthesis  was  therefore  affected  during  the  days  of  fatigue.    The  high 
NH,  figures  refer  to  a  production  of  abnormal  acids.    In  fact,  lactic 
acid  was  found  in  large  quantities  (0*132  gramme  per  litre)  in  the  urine 
of  the  days  of  work  as  well  as  in  the  blood-serum  (30).     In  this  case,  as 
well  as  in  two  others  [Mohr,  Boldt  (31)],  the  liver  was  diseased,  and  it 
seems  as  if  the  appearance  of  the  myasthenia  coincided  with  the  extent 
of  the  intermediary  products  of  metabolism  (lactic  acid,  Mohr).    In  such 
a  case  an  auto-intoxication  would  be  produced. 

In  a  case  of  myasthenia  gravis,  without  wasting  of  muscles,  in  a  yoimg 
woman,  Spriggs  (67)  found  a  creatinin  excretion  of  0-7  gramme  per  day 
(2*6  to  3  per  cent,  of  the  total  nitrogen)  and  an  output  of  0-4  gramme 
of  uric  acid  (1  to  1*6  per  cent,  of  the  total  nitrogen).  In  a  healthy  woman 
of  the  same  age  and  weight  resting  in  bed  the  creatinin  excretion  was 
1  gramme  (3-6  to  4  per  cent,  of  the  total  nitrogen),  and  the  uric  acid  0*3  to 
0*4  gramme  (1-2  to  1*3  per  cent,  of  the  total  nitrogen). 

In  myastiienia  gravis  it  appears,  therefore,  that  the  creatinin  output 
is  definitely  diminished,  while  the  uric  acid  is  practically  normal. 


7fr-2 
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8.  PBeado-hypertrophie  Miuealar  Dystrophy. 

Spriggs  (86)  inveBtigated  the  metabolism  of  a  man,  aged  twenty-nine, 
weighing  60  kilogrammes,  the  subject  of  this  condition.  Eveiy  pre- 
caution was  taken  as  to  intake,  and  the  experiments  were  entirely  free 
from  technical  errors.  The  creatinin  output  was  diminished  to  about 
one-half  of  that  of  a  control  upon  the  same  creatin-free  diet.  The  total 
nitrogen  excretion  was  diminished  in  some  experiments  in  which  there 
was  a  very  small  protein  intake,  but  it  bore  no  evident  relation  to  the 
decreased  creatinin  elimination.  The  independence  of  the  creatinin 
excretion  of  the  excretion  of  nitrogen  was  well  exemplified,  and  it  is 
remarkable  that  on  an  ordinary  diet  the  proportion  of  nitrogen  excreted 
in  the  form  of  creatinin  was  less  than  normal  (c/.  Vol.  I.,  pp.  126,  324). 


a— THE  METABOLISM  OF  PHOSPHORUS. 

**  Without  phosphorus  no  thought."  This  watchword  was  thought 
of  during  every  investigation  concerning  the  metabolism  of  phosphorus 
in  diseases  of  the  central  nervous  system.  From  older  observations  a 
connection  between  the  phosphorus  excretion  and  mental  activity  had 
been  supposed,  and  the  amount  of  the  phosphorus  excreted  was  deemed 
to  represent  the  total  activity  of  the  nervous  tissues.  It  is  now  common 
knowledge  that  no  such  quantitative  relations  exist  [von  Noorden, 
Mainzer  (32)].  In  some  cases  the  nitrogen  and  phosphorus  excretion  is 
delayed,  and  the  quotient  N :  P^O^  reduced.  Other  factors  than  cere- 
bral activity  are  at  work — ^for  instance,  muscular  activity  and  alt^ei 
absorption,  etc. 

In  paralyBts  agitana  Pf eiffer  and  Scholz  observed  a  loss  of  phosphorus 
with  an  intake  of  2  to  4  grammes  PfO,.  The  output  was  4-6  grammes. 
This  loss  was  due  to  the  age  of  the  patient  rather  than  to  the  disease 
itself.  Healthy  old  men  of  the  same  age  showed  a  similar  condition. 
Similarly,  the  alteration  in  the  quotient  N  :  P^Oj  in  several  diseases 
(hysteria,  Mainzer ;  nervous  irritation,  Folin  and  Schaffer)  is  due  to 
extracerebral  causes. 

Among  these  factors,  the  first  to  be  considered  is  muscular  worit, 
which  certainly  influences  the  elimination  of  phosphoric  acid  (e/.  Vol.  L, 
pp.  360,  427). 

Secondly,  the  conditions  of  absorption  and  secretion  in  the  intestines 
play  a  role.  The  influence  of  this  upon  certain  forms  of  phosphatoria, 
which  often  are  regarded  as  nervous  in  origin,  is  sufiiciently  confirmed. 
An  abnormal  secretion  of  hydrochloric  acid  is  also  in  part  responsible 
for  the  changes  which  result  in  an  increased  output  of  calcium  in  the 
urine  (35).  It  is  possible  that  these  are  the  causes  at  work  in  the 
increased  output  of  phosphates  noted  by  many  French  authors.  Further 
investigations  are  necessary,  and  these  should  include  determinations 
of  the  phosphorus  in  the  food  as  well  as  its  excretion  via  the  intestine. 
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D.— THE  CARBOHYDRATE  METABOLISIL 

The  occurrence  of  spontaneous,  transitory,  or  purely  diabetic,  glyco- 
suria is  rare.  The  glycosuria  is  either  the  consequence  or  the  cause  of 
the  nervous  disease,  or  both  arise  from  the  same  basis  (neuropathic  pre- 
disposition). Traumatic  neuroses  with  glycosuria  are  the  most  common  ; 
next  come  the  localized  lesions ;  while  the  spinal  cord  changes  and  the 
functional  neuroses  occupy  a  third  place.  Pure  psychoses  do  not  appear 
to  have  much  connection  with  diabetes,  except  progressive  paralysis, 
about  which,  however,  there  has  been  considerable  discussion  [Naunyn, 
Siegmund  (37)]. 

In  this  state  of  affairs  it  is  not  surprising  that  alimentary  glycosuria 
is  specially  frequent  in  traumatic  neuroses  [von  Jaksch,  StriimpeU, 
Strauss,  von  Oordt],  although  the  other  organic  or  functional  diseases 
of  the  central  nervous  system  do  not  predispose  to  alimentary  glycosuria 
to  a  higher  degree  than  diseases  of  other  organs  do  [von  Noorden  (39)]. 
The  psychoses  can  in  this  respect  be  divided  into  two  groups :  the  so- 
called  degeneration  psychoses  exhibit  a  normal  tolerance  for  carbo- 
hydrates (idiocy,  mania,  paranoia,  epilepsy,  chronic  alcoholism  from 
cerebral  changes) ;  others,  the  acquired  psychoses,  show  diminished 
tolerance  (amentia,  senile  dementia,  paralysis,  delirium  tremens)  [Bai- 
mann,  Amdt  (40)]. 

The  frequent  occurrence  of  glycosuria  in  nervous  diseases  has  its 
analogy  in  experimental  conditions.  Gaude  Bernard's  ''puncture 
diabetes  "  is  supposed  to  act  through  the  liver,  although  the  participation 
of  the  pancreas  and  other  organs  cannot  be  entirely  excluded.  Extirpa- 
tion of  the  first,  second,  and  third  sympathetic  ganglia,  the  coeUac  ganglion, 
section  and  stimulation  of  the  cord  at  the  level  of  the  brachial  plexus, 
stimulation  of  the  central  and  of  the  divided  vagus,  or  the  depressor  nerve, 
or  the  ansa  of  Vieussens,  section  of  the  sciatic — all  induce  a  glycosuria 
which  may  persist  for  a  few  hours  or  a  few  days.  Glycosuria  may  also 
accompany  cerebral  hsBmorrhagee,  or  pontine  growths,  or  tumours  in  the 
medullary  region.  Apart  from  the  fourth  ventricle,  which,  after  aU,  is 
not  a  very  usual  situation  in  man,  there  is  not  any  special  seat  of  election. 
Cases  of  traumatic  diabetes  do  occur  in  which  no  morbid  changes  are 
found  to  account  for  the  glycosuria.  Some  cases  may  be  associated  with 
distinct  bulbar  symptoms,  but  in  others  no  such  indications  appear. 

An  attempt  has  been  made  to  differentiate  the  transitory  nervous 
forms  of  glycosuria  from  diabetes,  but  so  far  as  man  is  concerned  this  is 
not  possible.  Of  course,  glycosuria  may  exhibit  some  connection  with 
certain  nervous  conditions,  but  this  is  by  no  means  always  the  case. 
Many  nervous  diseases  frequently  lead  to  a  pure  diabetes,  and  transitional 
forms  also  occur  [Naunyn]. 

The  liver  appears  to  be  chiefly  concerned  in  these  nervous  forms  of 
diabetes.  How  far  the  pancreas  may  be  involved  is  not  determined. 
WiUe  investigated  a  number  of  cases  of  alimentary  glycosuria  occurring 
in  the  course  of  nervous  diseases,  and  only  found  changes  in  the  pancreas 
in  two  cases  of  cerebral  hssmorrhage  (41). 
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E.— DIGESTIVE  ORGANS. 

The  question  of  auto-intoxication  and  the  relation  of  the  nervous 
system  thereto  is  dealt  with  in  the  section  on  Stomach  and  Intestines. 
Here  we  are  only  concerned  with  the  effect  of  nervous  and  mental  diseases 
upon  the  alimentary  functions.  General  everyday  experience  teaches 
that  the  nervous  patient  frequently  complains  of  stomach  and  intestinal 
troubles  when  no  objective  signs  can  be  found.  Similarly,  alterations  in 
the  secretions  and  the  motility  occur  in  functional  and  organic  nerve 
diseases  without  any  definite  cause  being  present.  But  there  are  no 
general  rules  whether  a  certain  disease  is  followed  by  increased  or 
diminished  secretion.  This  is  also  the  case  in  the  psychoses,  altiiough 
such  might  be  expected  from  the  results  of  Pawlow's  investigations  upon 
the  dependence  of  the  gastric  secretion  on  nervous  influences.  Riva  (42) 
found  that  in  peUagra  and  stupor  the  hydrochloric  acid  was  diminished. 
In  fourteen  melancholies  von  Noorden  (42)  observed  increased  motility, 
h3rperacidity,  sufficient  digestion  of  protein,  and  no  hypersecretion  in 
the  fasting  condition. 

Leubuscher  (42)  records  that  in  twelve  cases  of  melancholia  the  pro- 
duction of  acid  was  now  raised,  now  diminished.  In  five  cases  of  mania 
h3rperchlorhydria  was  present.  In  paralysis  and  paranoia  there  were  no 
changes  worthy  of  note.  InteUectual  processes  are  without  effect,  but 
in  conditions  of  chronic  lesions  of  the  motor  and  psychical  apparatus, 
mental  decay,  and  paraljrtic  attacks,  the  acidity  is  decreased.  Oases  of 
catatony  and  muscular  irritation  show  a  tendency  to  hyperchlorhydria, 
while  the  gradual  mental  decline  in  paralysis  is  associated  with  a  fall  in 
the  amount  of  acid  secreted.  Functional  psychoses  with  subsequent 
dementia  also  exhibit  hypochlorhydria. 

Grabe  was  able  to  obtain  but  small  variations  from  the  normal.  In 
mania  he  observed  hyperacidity,  in  paralysis  very  irregular  grades  of 
acidity.  The  motility  was  increased,  but  the  digestion  of  starch  was 
delayed  by  the  high  percentage  of  acid  present. 

Richardson  found  smaU  amounts  of  free  hydrochloric  acid,  much 
organic  acid  and  acid  salts,  and  a  good  motility  in  melancholia  simplex. 
In  melancholia  agitata  with  depression  or  abnormal  irritability,  the 
gastric  juice  contained  an  excess  of  free  hydrochloric  acid  and  oi^ganic 
acids,  and  the  motility  was  decreased. 

Jaschtschenko  states  that  in  secondary  forms  of  dementia  there  are 
no  abnormal  changes,  but  that  the  acidity  is  dinmushed  in  paralysis  and 
the  various  psychoses.  In  melancholies  with  poor  appetites  the  dis- 
turbances in  the  gastric  digestion  appear  to  arise  from  a  diminution  in 
the  *'  appetite  "  secretion.  Possibly  the  secretory  nerves  are  at  fault 
in  this  condition.  Maniacs  exhibit  changes  in  the  psychical  as  well  as 
in  the  ^*  appetite  "  phases  of  digestion.  In  catatony  and  hysteria  the 
repression  of  the  feelings  of  hunger  and  appetite  is  associated  with  a 
complete,  or  almost  complete,  failure  of  the  *'  appetite  "  phase  of  the 
digestion.  Improved  secretion  of  gastric  juice  accompanies  any  reeoveiy 
of  appetite. 
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In  pcuranoia,  digestion,  as  a  rule,  proceeds  regularly.    At  any  rate, 

t>li.ere  is  a  sufiSciency  of  "  appetite  "  juice  secreted,  even  when  the  food 

is  given  through  a  tube.    Sometimes,  however,  cases  do  occur  in  which 

t>lie  ''  appetite  "  juice  is  at  fault.    It  is  possible  that  this  is  due  to  some 

^^  perversity  "  of  the  smell  and  taste. 

When  ^e  food  is  given  by  a  tube  for  long  periods  a  special  type  of 
digestion  appears,  in  which  a  juice  is  secreted  which  exhibits  similar 
properties  to  those  of  the  '*  appetite  "  juice. 


P.— BLOOD. 

No  characteristic  morphological  changes  occur  (43).  At  the  most,  a 
secondary,  simple,  or  progressive  ansamia  may  be  associated  with  the 
nervous  conditions.  Li  some  cases  eosinophilia  has  been  observed  (44), 
in  others  a  lymphocytosis  (46).  These  changes  were,  however,  associated 
with  complications  of  the  nervous  disease. 

Pierce  (74)  recommends  i^stematic  examinations  of  the  blood  in  acute 
mental  excitement.  As  convalescence  is  approached,  marked  leucocytosis 
occurs.  This  fact  assists  diagnosis  and  prognosis.  Oilmour  (76)  states 
that  the  induction  of  leucocytosis  by  the  injection  of  nucleinic  acid 
produces  a  favourable  result  in  some  cases. 

The  red  blood  cells  are  often  increased— up  to  8,000,000  [Kauff- 
mann].  The  hcsmoglobin  percentage  rises  correspondingly  with  the 
increase  in  the  erythrocytes — ^up  to  130  per  cent.  [Qowers  (46)] — ^in  hyper- 
kinetic psychoses.  The  alterations  in  the  molecular  concentration  have 
not  yet  been  determined. 

The  alkalinity  is  decreased  during  epileptiform  attacks.  Kauffmann 
has  estimated  the  alkalinity  in  four  cases  of  delirium  tremens  and  three 
cases  of  paralysis,  and  Loewi  (60)  in  two  cases  of  epilepsy.  The  values 
were  considerably  subnormal,  ranging  bom  200  milligrammes  NaOH  to 
46*2  milligrammes. 

In  paralytics  the  fibrin  content  of  the  blood  is  increased  (0*2  to  1*2  per 
cent.) ;  the  coa^tdation  time  is  shortened  [venous  blood  commences  to 
coagulate  in  two  seconds,  and  is  completed  within  thirty  seconds  (46)]. 
ChoLin  was  found  in  a  case  of  beri-beri  by  Mott  and  Halliburton  (47). 
Kauffmann  was  unable  to  demonstrate  this  substance  in  the  blood  of  a 
paralytic. 

The  presence  of  cholin  in  the  blood  in  cases  of  acute  degeneration 
of  nervous  tissue,  and  the  means  to  be  adopted  for  its  identification,  have 
been  further  investigated  by  Donath,  Allen  and  Prench,  Rosenheim, 
Halliburton,  Beid  Hunt,  and  others  (68,  69).  New  tests  are  proposed, 
the  one  yielding  the  most  regular  results  being  the  addition  of  a  strong 
solution  of  iodine  in  potassium  iodide  to  an  alcoholic  extract  of  20  c.c. 
of  blood.    The  characteristic  crystals  of  periodide  of  cholin  are  formed. 

Lactic  add  was  present  in  the  serum  withdrawn  from  a  case  of  myas- 
thenia [0-136  per  cent.  (48)]. 

Carbamic  acid  is  stated  by  Krainski  to  be  present  in  the  blood  in  cases 
of  epilepsy,  and  is  regarded  by  him  as  responsible  for  the  toxic  characters 
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of  the  blood  in  this  condition.  He  claims  to  have  induced  epileptic 
attacks  in  rabbits  by  the  injection  of  blood  obtained  from  epUeptics. 
This  and  other  statements  as  to  the  toxicity  of  the  blood  in  epil^sy, 
and  its  content  of  autocytolysins  and  anti-autocytolysins,  must  be 
accepted  with  reserve  (49). 

Ferments, — ^It  has  been  suggested  that  certain  unusual  ferments  aie 
present.  These  may  be  associated  with  the  supposed  ferm^it  of  Maiin- 
esco  (70),  which  he  attributes  to  the  neuiilemmal  cells,  which  actively 
multiply  during  Wallerian  degeneration. 

Salts. — Halliburton  (69)  states  that  the  potassium  content  of  the 
blood  is  considerably  increased  in  oases  of  acute  degeneration  of  nervous 
tissues.  This  is  what  might  be  expected  from  the  high  percentage  of 
potassium  present  in  normal  nervous  tissues  pfacGallum  and  Mac- 
donald  (71)]. 

6.— CEREBRO-SPraAL  FLUID. 

The  cerebro-spinal  fluid  is  the  lymph  of  the  central  nervous  system, 
and  as  such  is  a  product  of  the  metabolism  of  these  tissues.  Hence  a 
knowledge  of  its  composition  furnishes  a  basis  for  the  consideration  of 
the  pathological  processes  of  the  brain  and  cord  (76). 

CAoItn  is  present  in  cerebro-spinal  fluid  obtained  from  cases  of  paralysis, 
tabes,  epilepsy,  and  other  nerve  lesions  (60),  and  is  regarded  as  the  ex- 
pression of  the  actual  degeneration  of  nerve  substance.  Gumprecht  (50) 
demonstrated  cholin  in  normal  cerebro-spinal  fluid,  and  the  question  is 
an  open  one  whether  there  is  any  definite  increase  of  cholin  pathologically, 
or  whether  it  is  simply  the  total  quantity  of  the  cerebro-spinal  fluid  which 
is  increased. 

In  a  case  of  progressive  paralysis,  Donath  (60)  found  aJbumoses  and 
an  excess  of  fibrinogen.  Hofmann  (51)  showed  that  carbamic  add^  and 
Filth  and  Lockemann  (52)  that  lactic  acid^  was  present  in  eclampsia. 

Oalactose  was  present  in  the  hydrocephalus  fluid  removed  from  a 
child  [Langstein  (53)]. 

The  protein  and  cell  content  of  the  cerebro-spinal  fluid  has  been  used 
for  purposes  of  diagnosis.  The  normal  secretion  is  poor  in  albumin  and 
in  cells.  In  inflammatory  conditions  of  the  meninges  both  the  albumin 
and  the  cells  are  increased  (72,  73,  76). 

In  acute  and  suppurative  meningitis  :  excess  of  polymorphs. 

In  tuberculosis  and  syphilis      1^^«^„  ^t  i„^^\.^^^ 
T    .  ,  ,  11.     ^excess  of  lymphocytes. 

In  tabes  and  general  paralysis  J  ^    r      .^ 

In  poliomyelitis,  syringomyelia,  multiple  neuritis,  functional  neuroeis, 
and  epilepsy  [Stewart  (72)] :  no  lymphocytosis. 

The  pressure  of  the  fluid  is  dependent  upon  the  amount  secreted,  and 
may  be  classified  as  follows  : 

Increased. 
Epidemic  cerobro-spinal  meningitis. 
Tuberculous  meningitis. 
Serous  meningitis. 
Uraemia  (sometimes  unchanged). 
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The  ceiebro*spinal  fluid  exhibits  the  following  oharaoteristics,  which 
are  due  to  the  activities  of  the  areas  which  it  drains  : 

Turbid  (sometimes  clear),  purulent  meningitis. 

Turbid  (sometimes  clear),  epidemic  cerebro-spinal  meningitis. 

Slightly  turbid,  or  clear,  tuberculous  meningitis. 

Clear,  serous  meningitis. 

Clear,  cerebral  tumour. 

dear,  abscess,  uncomplicated  with  meningitis. 


H.— URINE. 

The  quantity  is  increased  in  maniacal  conditions,  decreased  in  melan- 
cholia. It  is  not  yet  determined  whether  these  manifestations  depend 
only  upon  the  water  input.  After  epileptic  and  epileptiform  attacks 
urination  is  frequent,  and  after  hysterical  paroxysms  the  urine  is  pale 
and  watery. 

Uric  Add. 

Considerable  discussion  has  prevailed  as  to  the  relation  of  uric  acid 
to  epilepsy  (54).    The  question  is  not  yet  settled. 

In  chorea  the  uric  acid  is  diminished  (55).  The  vagaries  of  uric  acid 
with  regard  to  migraine,  Raynaud's  and  aU  other  nervous  diseases,  no 
longer  gain  acceptance  (56). 


Chlorine  and  Bromine. 

With  chlorine-rich  food  large  amounts  of  bromides  are  rapidly  ex- 
creted (59).  Under  these  conditions  the  therapeutic  action  of  bromides 
is  delayed.  When  the  food  is  poor  in  chlorine,  bromides  appear  in  the 
blood  and  secretions,  and  their  elimination  is  lessened.  In  this  way  it 
is  possible  to  some  extent  to  substitute  bromide  for  chlorine  in  the 
tissues. 

Albumin  and  Albumose. 

Albumin  and  albumose  are  frequently  present  in  the  urine  in  psychoses, 
acute  delirium,  and  delirium  tremens  (60). 
In  psychoses  of  different  types  : 

Kdppen  found  ftlbumin  and  albumoae  in  66  per  cent. 
Weinberg    „  „  „  „      30 

Fiirstner      „  „  „  .>     40        „ 

Naoke  „  „  „  „      82 

Liepmann  (delirium  tremens)  76        „ 

The  albuminuria  or  albumosuria  appears  late  in  the  attack,  or  transi- 
torily at  the  height  of  the  excitement  stage.  Its  intensity  corresponds 
to  the  grade  of  irritation  present. 

In    addition    to    albumoses,    certain    albuminous    substances    are 
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often  present  which  are  precipitated  by  acetic  acid.  This  albuminutia 
has  been  considered  as  parallel  to  the  *'  central "  albuminuria  of  Claude 
Bernard. 

There  is  considerable  difference  of  opinion  as  to  the  relation  of  the 
appearance  of  albuminuria  to  the  stage  of  attack  in  epilepsy  [c/.  Kleudgen, 
Fiirstner,  Binswanger,  Voisin,  Huppert].  Further  observations  are 
necessary. 

Aoetone. 

Acetone  appears  in  the  urines  of  nervous  or  mental  patients  when 
the  diet  is  deficient  in  carbohydrates,  or  when  inanition  is  pres^it  (61) ; 
that  is  to  say,  the  acetonuria  follows  the  same  course  as  it  does  in  healthy 
individuals  under  the  same  conditions. 


Lactic  Add. 

During  epileptic  and  eclamptic  attacks,  and  in  myasthenia,  lactic 
acid  has  been  observed  in  the  urine  (62,  63,  64).  It  is  an  open  question 
whether  the  source  of  the  lactic  acid  is  the  same  in  all  these  cases.  In 
the  case  of  eclampsia  the  Uver  was  probably  at  fault,  while  in  the  case 
of  epilepsy  the  Ifikctic  acid  might  have  arisen  from  the  muscles.  Of 
course,  it  must  be  admitted  that  the  muscles  may  also  be  indicted  in 
eclampsia. 

Tozleity. 

The  toxicity  of  the  urine  has  been  determined  in  several  nervous 
diseases — paralysis  by  Ooldfiam,  Crafts,  Singer  and  Goodbody ;  epflepsy 
by  Voisin,  P6ron,  Petit,  P6r6,  Perranini  (66).  The  value  of  the  method 
has  been  seriously  disputed,  and  at  present  it  is  impossible  to  accept 
these  results  without  considerable  reserve. 
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CHAPTER  XVn 
BONE    AND    JOINT    DISEASES 

By  L.  MOHB,  HALLE  a.  S. 
Translated    by   A.    L.    Edwards. 

A.— GENERAL  STATE  OF  NUTRITION— CONSUMPTION  OF 

ENERGY. 

1.  Osteomalacia. 

Up  to  the  present  time  the  minimal  metabolism  in  osteomalacia 
patients  has  not  been  quantitatively  determined.  Information  on  the 
point  is,  however,  desirable,  as  bearing  upon  certain  theories  of  this 
disease,  one  of  which  relates  to  an  abnormal  function  of  the  genital 
glands  [Fehling  (1)],  the  other  to  a  similar  affection  of  the  thyroid  gland 
[Hoennicks  (2)]. 

GeneraUy  speaking,  the  state  of  nutrition  is  affected  in  proportion 
to  the  severity  of  the  disease.  As  a  rule,  the  general  condition  suffers 
from  every  exacerbation  of  the  illness.  The  patient  loses  weight, 
and  finally,  from  the  steady  progress  of  disease  in  the  bones,  dies  of 
marasmus. 

With  amelioration  of  the  disease,  whether  this  be  spontaneous  or 
due  to  operation,  or  other  therapeutic  measures,  the  patient  increases 
in  weight  and  improves  in  general  condition  until  normal  health  is 
restored.  Clinical  experience,  however,  does  not  justify  the  inference 
of  generaUy  abnormal  metabolism.  The  fluctuating  state  of  strength 
and  nutrition  is  chiefly  the  result  of  insufficient  nourishment,  and  in 
some  cases,  more  particularly  in  cachexia,  of  the  defective  assimilation 
of  food — as,  for  instance,  in  the  second  experiment  by  S.  Neumann  (3). 

Where  these  factors  can  be  eliminated  it  appears  that  the  nourish- 
ment required  by  the  patient  is  on  a  perfectly  normal  scale  [von  Limbeck, 
L.  von  Korczynski  (4)]. 

2.  Riekets. 

The  loss  of  weight  in  the  early  stages  of  the  disease  is,  to  a  great 
extent,  caused  by  deficient  nourishment  and  imperfect  assimilation  in 
the  intestines  (diarrhoea) :  hence  the  not  infrequent  appearance  of  fever. 
As  soon  as  the  first  violent  symptoms  have  subsided,  and  no  complica- 
tions (tuberculosis,  enteritis,  etc.)  arise,  the  state  of  strength  and  nutri- 
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tion  is  maintained.    Sometimes  in  well-nourished  children  unmistakable 
symptoms  of  rachitis  are  to  be  found. 

More  exact  information  on  the  requisite  nourishment  and  metabolism 
in  rachitic  children  is  not  forthcoming,  and  our  knowledge  of  these 
conditions  rests  chiefly  upon  clinical  observation. 


B.— METABOLISM  OF  ALBUMIN. 

1.  Osteomalaeia. 

Von  Limbeck's  patient,  with  a  daily  supply  of  nutriment  of  about 
9*5  grammes  nitrogen,  put  on  7*37  grammes  nitrogen  in  six  days.  Neu- 
mann's (6)  patients  all  lost  nitrogen,  except  in  the  case  of  the  first  and 
third,  where  an  increase  of  nitrogen  was  observed  after  castration.  It 
must  be  remembered,  however,  that  in  these  cases,  and  especially  in  the 
second,  the  assimilation  of  albumin  was  imperfect,  and  that  in  the  second 
case  the  amount  of  nitrogen  in  the  food,  and  the  number  of  calories,  was 
clearly  deficient.  Von  Korczynski's  (7)  first  patient  gained  1  l*d9  grammes 
nitrogen  in  twenty  days  ;  the  second  lost  nitrogen  in  two  different  periods, 
during  one  of  which  ovarin  was  administered.  In  nineteen  days  the 
total  loss  amounted  to  0*337  gramme. 

The  foUowing  table  gives  the  available  statistics  : 


AfUhor. 

CondUionaof 

oXp€T%inCHt. 

Dwa- 

tion  of 

Expert' 

meiU. 

Supiiy 
Calories 

Kg,dui 
Sxpertti 

fOf 

per 
ring 
lent. 

1 
1 

1 

Nitrogen 
Balance. 

Dtys. 

1 

' 

VonLimb«ok 

"~~ 

6 

AvBEaeeof 
980  (weight 
not  given) 

9-29-9-68 

+  7-3700 

S.  Nenmann : 

No.  1(a)    .. 

Before  castration 

5 



9-620 

- 13-6600  1 

M     (6)     .. 

After  oastration 

6 



11-090 

+  2-3790  , 

No.  2  (a)    .. 

Before  castration 

6 

— 

11-030 

-  0-1700 

,.    (6)    .. 

Before  castration 

5 

— 

7-700 

-  6-8800  1 

,.    (c)     .. 

After  castration 

5 

— 

4-300 

-  9-5600  i 

No.  3(c)    .. 

Pregnancy  before 
hysterectomy 

5 

10-080 

-   11760  . 

„    id)    .. 

After  parturition 
and  hysterectomy 

6 

12-320 

+  8-8990  1 

L.  B.  von  Korozynski : 

No.  1(a)    .. 



6 

371 

s 

19-865 

+  8-8360 

.,    (6)    ..         .. 



5 

32 

f 

8-805 

+  0-1450 

..    (c)     ..         .. 

— 

5 

35 

0 

16-479 

+  1-6300 

,.    (<i)    .. 

— 

6 

34 

!• 

16-479 

+  0-4060  1 

,.    (c)    .. 

Ovarin  tablets 

4 

34 

-< 

16-479 

+  1-0800  ! 

No.  2  (a)    .. 

— 

5 

36 

17-060 

+  1-6290 

M     (6)     .. 

— 

6 

37 

16-340 

+  0-0704 

:{%::    :: 



5 

35 

16-340 

-  0-3372  ; 

Ovarin  six  times 

4 

35 

16-340 

-  1-6906  ! 

(0-26  gm.) 

The  proportions  of   the  nitrogen-containing  substances 
altered  [Beck  (8)]. 
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Vyeloma. 

Segelken  (9),  in  a  case  of  myeloma,  obtained  nitrogenous  equilibrium 
with  a  daily  supply  of  12-2  grammes  nitrogen  and  1,897  calories. 


Arthritis  Deformans. 

Johannessen  (9a)  examined  the  metabolism  of  albumin  in  the  case 
of  a  child  with  arthritis  deformans,  and  found  no  serious  departure  from 
the  normal.  (The  irregularity  of  the  nitrogen  secretions  is  explained  by 
the  fluctuations  to  which  the  supply  of  albumin  was  liable.)  The  patient 
retained  nitrogen  in  large  quantities. 


Caldum,  Hagnesium,  Phosphorus. 

Attention  has  been  almost  invariably  directed  to  the  action  of 
the  earthy  alkalis  and  phosphoric  acids,  with  a  view  to  elucidate  the 
processes  in  bones  and  joints,  and  to  obtain  a  standpoint  for  the  con- 
sideration of  osteomalacia  and  rickets. 


(a)  Osteomalacia. 

Bone  affected  by  this  disease  becomes  impoverished  in  mineral 
elements,  and  gains  in  organic  matter  (10).  The  following  figures  confirm 
this  statement  (11)  : 

Normal  bone  contaizis        58-59  per  oent.  of  fat. 

Diseased  bone  contains      . .  70*92  per  oent.  of  fat. 

(From  seven-year-old  osteomalaoio.) 

Dbud  at  100''  C. 


Ossein. 

Ca^PO^h- 

CaCOp 

MgJiPO,)^. 

Normal  bone  contains 
Diseased  bone  contains 

Par  Oent 
33-35 
5003 

PcrOwit 
55-84 
38-07 

FwOent 
6-33 
6-38 

PorCent. 
0-79 
0-49 

The  figures  vary  with  each  stage  of  the  disease,  and  vary  also  in 
different  bones  in  the  same  stage — e.g.,  in  the  foregoing  analysis  the 
femur  contained  44-07  per  cent,  ash  and  63-03  per  cent,  organic  matter, 
while  the  occipital  bone  contained  53-90  per  cent,  inorganic,  and  46-11  per 
cent,  organic,  matter.  Even  when  normal  the  different  bones  vary  in 
composition,  and  in  osteomalacia  the  long  bones  and  those  of  the  pelvis 
are  most  affected.  It  is  an  important  fact  that  the  loss  of  mineral 
matter  affects  all  the  constituent  elements  equally,  and  not  the  calcium 
especially,  as  stated  by  Mors  and  Muck  (12).  The  increase  of  organic 
matter  is  obtained  at  the  expense  of  fat  and  (in  the  forgoing  example) 
of  osseous  matter. 

VOL.  ra.  80 
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Author. 

Dura- 
tiom  of 
Szperi- 

meni. 

Average  Daily  Supply. 

Total  Supply. 

Gaa 

MgO. 

P^O, 

OaO. 

MgO.          ?^\ 

Von  Umbeok 

6 

0*4941 

2-9649 

1 

_ 

8.  Nenmaiiii: 
No.  1(a)      .. 

5 

2-2620 

0-4035 

2-7844 

11-2800 

20177 

13-992I' 

..    (ft)      .. 

6 

2-5961 

0-4277 

3-2608 

12-9803 

2-1386 

16-3LW1 

No.  2(a)      .. 

5 

3-2967 

0-4028 

3-6162 

16-4786 

2-0139 

18-081H 

,.    (ft)      ..         .. 

5 

1-3331 

0-3323 

21902 

6-6658 

1-5615 

l(h9510 

..     (6)        .. 

5 

0-7299 

0-1534 

1-2616 

3-6495 

0-7668 

6-2Sn 

No.3(o)      .. 
..    (6)      .. 

6 
6 

3-9344 

41738 

0-5228 
0-5428 

3-9000 
42762 

19*6720 
20-8690 

1-6140 
1-7139 

19-50nf' 

2J-38IU 

..    (e)      .. 
..    (<*)      .. 

6 
6 

2-4804 
2-8092 

0-4019 
0-4432 

2-9398 
3-6784 

12-4022 
140459 

2-0098 
2-2159 

14-699I' 

L.  R.  Ton  Korczynski : 
No.  1(a)      .. 

5 

1-2699 

> 

6-8828 

6-3495 



29-4140 

..    (ft)      ..         .. 
..    («)      .. 
..    (<*)      .. 
..    (e)      ..         .. 

6 
6 
5 

4 

1-4039 
10099 
1*0099 
1-0099 

— 

3-6272 
41496 
4-1496 
4-1496 

70195 
6-0495 
5-0495 
4-0396 

— 

18-136C' 
20-7840 

16-59^ 

No.2(a)      .. 
..    (ft)      ..         .. 

6 
5 
5 

4 

0-6367 
1-0062 
10062 
1-0062 

= 

3-7246 
4-0893 
40893 
4-0893 

2-6836 
50310 
6-0310 
4-0248 

— 

18-6225 
20-4465 
20-44^ 
16-3572 

F.  Saoerbruch : 

(a) 

(ft) 

11 
10 

0-7880 
0-8080 

— 

20200 
1-5310 

6-60001 
5-6560* 

— 

i 

14-14W 
10-7170 

(e) 

7 

0-8600 

— 

1-8160 

6-0790* 

— 

12-7130 

Goidtwait.  Painter.  Os- 
good and  Crudden  : 
(a)           ..         .. 

8 

0-6700 

1-5000 

4-6600 

i2-oa«?' 

(6)            ..         .. 

8 

0-7200 

— 

— 

6-7600 

— 

- 

Hotz: 

No.  1  (o)      . . 

..    (6)      .. 

..    (c)      .. 

..    (d)      .. 

10 

11 

10 

8 

20100 
20500 
1-9300 
1-8900 

— 

3-6300 
3-4900 
3-4700 
3-7700 

20-1237 
22-5694 
19-3535 
16-1867 

— 

35-3127 

ZS'4269i 
34-7201  1 
30-1847 

No.2(o)      .. 
..    (6)      .. 

::  S  ::    :: 

8 
12 

7 
8 

1-3400 
1-4700 
1-3300 
1-3600 

— 

2-7600 
2-6200 
2-6200 
2-8500 

10-7790 

17-6665 

9-3168 

10-9195 

1 

— 

22-U78  ' 
31-4773  , 
18-3888' 
22-8193  , 

*  Calculated  for  seven  days. 
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Total  Expenditure, 

Balance, 

Bemarks, 

CaO. 

M«0. 

P2O5. 

CaO. 

MgO. 

PaOj. 

5-6070 

— 

— 

-2-6421 

— 

— 

— 

11-6518 
7-1984 

2-8245 
1-6462 

19-9289 
9-9940 

-0-3918 
+5-7819 

-0-8068 
+0-4924 

-  6-0069 
+  6-3100 

Early  stage  of  oeteoma- 

lacia. 
After  castration. 

16-8962 
6-2018 

2-3032 
1-8612 

13-9910 
7-7475 

+0-5826 
+0-4640 

-0-2893 
-0-2997 

+  4-0900 
+  3-2040 

Severe  form  of  osteoma- 
lacia before  castration. 
After    chloroform    nar- 

3-1372 

0-8612 

4-6962 

+0-5123 

+0-0944 

+  1-6611 

cosis. 
After  castration. 

15-7210 
18-1461 

2-3358 
1-2940 

31-0420 
11-0400 

+3-9610 
+2-7229 

-0-7218 
+0-4199 

-11-5420 
+10-3410 

Severe  stage  of  disease. 
Improved  stage  of  dis- 

9-9687 
12-0626 

1-7218 
1-6208 

13-2569 
14-5152 

+2-4335 
+1-9833 

+0-2880 
+0-5461 

+  1-4421 
+  3-3768 

ease. 
Relapse  in  pregnancy. 
After  hystereotomy. 

4-6769 

6-4806 
5-0041 
5-8235 
5-5170 

\ 

230852 

16-3634 
14-7366 
16-6852 
16-0602 

+1-6726 

+0-5389 
+0-0454 
-0-7740 
- 1-4774 

— 

+  6-3288 

+  1-7726 
+  6-0115 
+  4-0628 
+  0-5328 

Moderately  severe  case, 
which  improved. 

Six  times  a  day,  0-25  gm. 

3-8076 
7-1800 
4-7417 
4-3917 

— 

16-9683 
19-7496 
15-6896 
13-0444 

-1-2400 
-2-1490 
+0-2893 
-0-3669 

— 

+  1-6542 
+  0-6996 
+  4-7669 
+  3-2128 

ovarin. 
Severe  case ;  incurable. 

Six  times  a  day,  0*25  gm. 
ovarin. 

6-0700 
36490 

7-2420 

-- 

11-3540 
8-9320 

11-1290 

-0-4700 
+21070 

-1-1630 

— 

+  2-7860 
+  1-7850 

+  1-5840 

Infantile  osteomalacia. 
Phosphorus ;  cod-liver  oil, 

001;  100:  1  teaspoon- 

ful  daily. 
Without  phosphorus. 

6-6000 

— 

12-3200 

-10400 

— 

-  0-3200 

Figures     quoted     from 
Hotz. 

4-0800 

— 

— 

+1-6800 

— 

— 

After  castration. 

19-5214 
20-2817 
19-8771 
15-0831 

— 

33-9380 
36-5047 
31-0229 
260110 

+0-6023 
+2-2777 
-0-5236 
+0-1026 

— 

+  1-3747 
+  2-9222 
+  3-6972 
+  41737 

Convalescent  case. 
Daily  phosphorus,  1  mg. 

12-7340 

17-3238 

9-3404 

12-1583 

— 

21-3248 
32-2935 
18-1070 
21-1377 

- 1-9550 
+0-3417 
-0-0246 
-1-2388 

— 

+  0-8230 
-  0-8162 
+  0-2818 
+  1-6816 

Severe  case. 

Daily,  1  mg.  phosphorus. 
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The  latter  process  is,  however,  not  usually  the  case  ;  indeed,  Schmidt 
(13)  even  asserts  that  in  osteomalacia  ossein  disappears  entirely  from  the 
bone.  But  it  is  possible  that  this  statement  is  founded  upon  defective 
analysis,  for  Friedleben  (14)  states  that  to  obtain  glutin  the  bone  must 
be  subjected  to  exhaustive  treatment  with  muriatic  acid. 

Many  authorities  afGLrm  that  bones  in  a  state  of  osteomalacia  contain 
lactic  acid  (16).  Others,  again,  make  no  mention  of  this,  and,  indeed, 
as  regards  bone  examined  in  a  fresh  condition,  do  not  even  admit  it  (16). 

The  chemical  composition  of  osteomalacial  bone,  on  which  all  autho- 
rities are  essentially  at  one,  excludes  the  possibility  of  lactic  acid.  Were 
a  spontaneous  acid  present,  acid  salts  would  necessarily  be  found  in  the 
bone,  whereas  in  reaUty  there  is  a  residuum  of  bases  [Msignus-Levy  (17)]. 
Moreover,  the  weaker  and  more  volatile  carbonic  acid  would  be  first 
expelled  from  the  bone,  which  is  not  actually  the  case.  Neither  acid 
diminishes  in  greater  degree  than  the  other,  but  both  in  equal  pro- 
portions. 

V  The  fate  of  the  destroyed  mineral  matter  may  be  traced  in  various 
directions:  in  the  urinaiy  tract,  intestines,  milk  (18),  salivary  and 
pituitary  glands,  and  bronchi  (19).  In  the  urinary  organs  calculi  have 
frequently  been  found  containing  no  urate,  and  consisting  purely  of 
phosphate  (20). 

The  important  function  of  elimination  is  performed  by  the  kidneys 
and  intestines.  In  the  urine  the  excretion  of  PgO^  and  Ca  is  now 
increased,  now  decreased  (21).  A  knowledge  of  the  action  of  these 
elements  in  osteomalacia  can,  however,  only  be  obtained  by  simul- 
taneous observation  of  their  input  and  output.  Other  analyses  are 
valueless. 

The  tables  on  pp.  1264,  1266  contain  the  results  of  the  investigations 
made  up  to  the  present  time  (22).  It  wiU  be  seen,  in  the  first  place,  that 
in  several  cases  there  was  an  actual  loss  ^f  calcium  at  the  crisis  of  the 
illness.  During  the  stages  of  improvement  calcium  was  retained.  In 
other  cases  there  was  a  deposition  of  calcium  without  any  therapeutical 
advantage.  For  instance,  in  the  second  case  of  Neumann,  described  by 
him  as  very  grave,  and  finally  taking  a  fatal  form,  an  increase  of  calcium 
took  place ;  whereas,  in  that  reported  by  Senator  (23),  a  cure  was  effected 
(by  means  of  oophorin),  in  spite  of  increased  excretion  of  calcium  in  t^e 
urine.^  Hence  it  is  to  be  inferred  that  this  action  of  calcium  is  not 
pecuUar  to  osteomalacia.  Hotz  states  that  calcium  retention  can  be 
obtained  by  the  administration  of  phosphorus,  but  that  when  the 
phosphorus  is  discontinued  the  calcium  output  again  increases  (83).  I 
am  of  the  opinion  that,  under  these  circumstances,  it  is  impossible  to 
judge  of  the  formation  or  disintegration  of  bone  merely  from  the  changes 
in  the  calcium.  Clinical  investigations  are  far  better  qualified  to  aid  in 
forming  correct  judgment  both  on  this  point  and  on  therapeutic  measures. 

My  view — ^viz.,  that  in  these  cases  a  knowledge  of  the  processes  active 
in  the  bone  cannot  be  obtained  solely  from  ascertaining  the  metabolism 
of  calcium — ^is  supported  by  the  fluctuations  of  phosphoric  acid.    It  is 

^  It  is  posBible  that  in  this  case  retention  of  calcium  occurred,  but  in  the  abaenoe  of 
Btatistios  on  the  calcium  contents  of  the  food  it  cannot  be  definitely  proved. 
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known  that  bone  loses  calcium  and  phosphoric  acid  in  equal  proportions  ; 
Iience  a  corresponding  parallelism  in  their  output  might  well  be  expected. 
This,  however,  does  not  occur,  either  in  health  or  in  osteomalacia.  A 
negative  calcium  balance  is  found,  together  with  the  retention  of  large 
quantities  of  phosphoric  acid,  and  a  negative  phosphorus  balance  with 
increase  of  calcium ;  so  that,  when  both  elements  uniformly  decrease,  a 
very  grave  quantitative  disproportion  results.  Both  here  and  in  the 
normal  organism  it  is  extremely  difficult  to  ascertain  the  true  significance 
of  the  positive  and  negative  calcium  and  phosphoric  acid  balances. 
Although  it  is  probable  that  during  emoUescence  of  bone  mineral  elements 
are  lost  in  urine  and  faeces,  and  during  bone  formation  they  are  retained 
in  the  body,  it  is  nevertheless  indisputable  that  up  to  the  present  all 
investigations  fail  to  afford  clear  proof.  A  true  interpretation  of  the 
facts  must  depend  on  a  more  exact  knowledge  of  the  ph3rsiological  phos- 
phorus and  calcium  metabolism. 

The  magnesia  balance  is  also  sometimes  positive,  sometimes  negative, 
without  any  legitimate  relation  being  established  to  the  clinical  mani- 
festation of  the  disease  and  to  the  metabolism  of  calcium.  That  a  sub- 
stitute of  magnesium  for  calcium  takes  place  in  osteomalacial  bone,  as 
some  assume,  is  out  of  the  question  (24). 


(b)  Bickets. 

The  chemical  changes  in  the  bone  in  rachitis  are  also  veiy  striking. 
The  impoverishment  of  mineral  elements  can  be  so  extreme  that,  instead 
of  65  per  cent,  inorganic  matter,  there  is  only  20  per  cent,  left  (25).  Con- 
trary to  what  is  the  case  in  osteomalacia,  it  is  chiefly  the  flat  bones  which 
first  lose  their  mineral  elements,  and  this  corresponds  with  the  observa- 
tion that  it  is  in  these  bones  that  emoUescence  first  occurs.  It  may, 
however,  be  generally  assumed  that  the  whole  organism  suffers  loss  of 
ash  constituents. 

The  following  tables  contain  some  comparative  figures  obtained  by 
Brubacher  (26)  : 

Ukdbisd. 


HeaUhy  ChUd,^ 

Healthy  Child,^ 

EachUic  Child  ^ 

{Rachitis 

Congenita), 

Water         

Pat             

Ash             

CaO            

MgO           

P2O5           

SiO,            

Fe,0,         

Pel  Gent                       Per  Gent 
80-75                       75-280 
3'95                          8-420 
300                         3-120 
104                          1130 
004                         0040 
109             !             M60 
001             :            0-006 
001             !            0010 
1 

Percent 
78-01 
9-47 
1-74 
0-44 
002 
0-67 
0-01 
002 

^  Premature  ;  twenty-eight  weeks  ;  height,  38  oentimetroB  ;  weight,  1,169  grammes. 
'  Stillborn  ;  thirty-six  weeks  ;  height,  47  centimetres  ;  weight,  1,876  grammes. 
'  About  eight  months  ;  height,  41  centimetres ;  weight,  1,838  grammes. 
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Dbt  Tnsus,  Temm  fbom  Fat. 


HmMkyCkad>    ,    HtaWufCkiU? 


{Baekitu 
Camgauta). 


1 

Percent 

PorOeat 

FerOent. 

'    ABh                  ..             .. 

19-60 

19-11 

13-94 

CaO 

6-83 

6-96 

3-53 

1  p,o, 

0-30 

0-22             , 

0-28 

7- 12 

7-03 

4-84 

!%    :; 

0-07 

0-03 

0H>5 

O08 

0-08 

0-12 

Iv  100  Pabts  of  ths  Ash. 


HeaUhyChUd.^    \    Healthy  Child. * 


CaO 
Mffp 

PA 
SiOt 


34-82 
1-56 

36-33 
0-37 
0-40 


36-37 
1-42 

36-77 
0-17 
0-43 


RaekiHeChad^ 
(Baehitis 

Comgemita). 


25-32 
1-60 

34-74 
0-39 
0-89 


The  fignree  in  the  case  of  a  rachitic  child  were  confirmed  by  those  of 
three  other  cases  analyzed  by  Brubacher.  Howeyer,  while  tlie  content 
of  ash  in  the  bones  and  in  the  entire  organism  decreases  in  absolute 
quantity,  the  proportion  of  calcium  in  the  other  parts  of  the  body  is 
higher  in  the  rachitic  than  in  the  normal  child  (27). 

Only  in  one  child  (exact  age  unknown,  but  estimated  at  one  to  two 
years)  was  it  observed  by  Brubacher  that  the  percentage  of  ash  and 
calcium  in  the  diy,  non-adipose,  muscle  was  rather  lower  than  in  a  normal 
child  of  the  same  age,  and  that  the  percentage  of  ash  in  the  dry,  non- 
adipose,  liver  was  the  same  as  in  the  two  other  rachitic  children,  whereas 
the  percentage  of  calcium  was  rather  low.  The  few  investigations  that 
have  been  made  of  the  clacium  output  in  rachitis  have  led  to  diametrically 
opposite  results.  In  the  urine  a  normal  or  subnormal  excretion  of  calcium 
has  been  observed  (28).  Others  report  an  increased  elimination  (28). 
Baginsky  and  others  found  more  calcium  present  in  the  faeces  of  rachitic 
than  in  those  of  normal  children,  with  a  normal  figure  for  phosphoric 
acid.  These  observations  are  vitiated  by  the  fact  that  they  did  not 
include  the  input. 

The  only  case  where  a  calcium  balance  comes  into  consideration 
is  that  of  a  twenty-month-old  child  with  well-developed  rachitis  [Zweifd 
(29)].    His  results  are  detailed  in  the  following  table : 

^  Premature;  twenty-eight  wedu ;  height.  38  oentimetreB ;  weight,  1,169  grammes. 
'  Stillborn ;  thirty-six  ^roeks ;  height.  47  centimetoes ;  weight,  1 ,876  grftmmes. 
^  About  eight  months ;  height,  41  centimetres ;  weight,  1,838  grammes. 
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Intake  of 
CarhontUe 

(hUput. 

Total. 

Balance. 

of  Lime. 

Urine. 

Ftocea. 

Seven  days'  experiment : 
1,900  c.c.  —  two-thirds 
milk,  with  13  per  cent, 
lactose  and  1-2  per  cent, 
salt 

Seven  days'  experiment: 
1 ,900  c.c.  —  two- thirds 
milk,  with  13  per  cent, 
lactose  and  1*2  per  cent. 
Naa 

Five  days'  experiment : 
1.900  C.C.  —  two- thirds 
milk,  with  13  per  cent, 
lactose 

Five  days'  experiment : 
1 ,900  c.c.  —  two-thirds 
milk,  without  sugar  and 
salt ;  cod-liver  oil 

'  14-3400 

'  19*4996 

.  150629 

110640 

0-320 
0-148 

3-8240 

11-0970 
7-9956 
8-4918 

4144 
11*245 

+ 10-2000 

-h  8*2546 
+  7*0674 
-f  2-57420 

Hence  it  is  seen  that  the  rachitic  child  retains  even  greater  quantities 
of  Ca  in  the  body  than  the  normal  child  examined  by  Forster  (30). 


(c)  Arihritia  Deformans  and  Chronic  Rheumatism. 

After  Drachmann  and  Stokvis  (31)  had  pointed  out  the  reduction  in 
the  excretion  of  P2O5,  von  Noorden  and  Belgardt  (32)  found  a  decrease 
in  the  calcium  as  well  as  in  the  phosphorus  output.  The  daily  retention 
was  as  follows : 

CSaO 1-28  and  0-750 

MgO 0*06  and  0-034 

PjOs M3  and  1-130 

Johannessen  (33)  found  likewise  in  a  child  with  chronic  arthritis  a 
low  percentage  of  phosphorus  in  the  urine  (no  analyses  of  phosphorus  in 
f»ces). 

Pribram  (34),  in  three  cases  of  osteo-arthritis  deformans,  gives  approxi- 
mately normal  figures  for  PgOg  (1-564,  2-06,  and  1-648  grammes).  In 
one  case,  with  slight  articular  deformity,  Pribram  found  0-802  gramme 

PA- 

Absence  of  information  on  the  calcium  and  phosphoric  acid  contents 
of  the  food  and  fseces  seriously  detracts  from  the  value  of  these  figures. 
The  same  applies  to  those  of  M.  Schiiller,  who  found  in  osteo-arthritis 
a  reduced  output  of  calcium  in  the  urine,  together  with  an  increase  of 
the  same  in  the  head  of  the  bone. 
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C— ABSORPTION  OF  NUTBIMEMT. 

1.  Osteomaiada. 

Apparently,  as  long  as  there  is  no  serious  general  distorbanoe  the 
resorption  of  nutriment  is  carried  on  successfully.  The  greater  the 
progress  of  the  marasmus,  the  greater  the  apparent  danger  for  food 
resorption.  The  following  table  includes  some  figures  for  absorption  of 
albumin.  The  resorption  of  fat  has  only  once  been  investigated  [von 
Limbeck  (36)]  ;  it  was  then  found  normal. 


NUrogen 

urriUA. 

Niirogen 

(percent.). 

(per  Cent.). 

Von  Limbeck  (35) 

..     9310 

Korazynaki  (35).  No.  2  (e) 

. .     91-38 

M     id) 

..     90-85 

KorozynBki  (35),  No.  1  (a) 

..     02-06 

..       (6) 

..     89-40 

S.  Neumaim  (35),  No.  1  (a) 

..     86-05 

»       (c) 

. .     94-49 

.,       (6) 

..     94-94 

"       id) 

..     92-73 

No.  2  (a) 

. .     70-75 

M        (e) 

.     94-21 

{b) 

..     70-64 

No.  2  (o) 

..     93-21 

(e) 

..     64-77 

..       (6) 

..     91-85 

No.  3  (c) 

..     89-09 

M       id) 

. .     98-19 

The  proportions  of  phosphoric  acid  and  calcium  in  the  fseces  vary 
considerably.  It  is,  nevertheless,  remarkable  how  frequ^itly  super- 
normal values  are  met  with. 

Moreover,  it  is  by  no  means  invariably  that  the  fsecal  phosphorus 
runs  parallel  with  that  of  calcium  or  with  the  augmentation  of  calcium, 
as  is  the  case  under  normal  conditions.  The  proportion  of  calcuim 
excretion  in  the  feeces  is,  contrary  to  normal  conditions,  generally  greater ; 
but  here,  too,  no  standard  can  be  fixed.  The  table  given  on  p.  1271 
will  show  the  figures  available  (36). 


2.  mekets. 

No  investigations  are  recorded  on  the  assimilation  of  nitrogen 
and  fat. 

The  assumed  increased  calcium  output  in  the  faeces  has  been  stated 
above  [Petersen,  Baginski,  etc.].  Zweifel  (37)  has  recently  determined 
the  amount  of  calcium  salts  present  in  the  fseces  of  a  rickety  child  (those 
soluble  in  water  as  well  as  those  soluble  in  ether  and  alcohol),  both  with 
and  without  fat  in  the  diet.  He  found  that  with  a  greater  quantity  of 
fat  in  the  feces  the  calcium  soap  increased  and  the  calcium  salts  soluble 
in  water  decreased,  and  vice  versa.  The  total  loss  of  calcium  was  not 
great. 
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EzciumoN  or  Phosfhobus  axtd  CALonni  m  thb  Facts. 


Auihar. 

PA  (Percentage 

CaO  (Pereeniage 

Intake). 

Total  Output), 

Von  limbeok         

— 

70-16 

Goldtwait,   Painter,   Osgood    and 

, 

Crudden  (a)        

29-30 

31-81 

Ditto           (6)        

■— 

25-00 

S.  Neumann,  No.  1  (a)     . . 

66-63 

83-47 

„     (6)     .. 

23-26 

89-23 

No.  2(a)     .. 

67-80 

97-42 

,.     (b)     .. 

49-40 

86-72 

„     (c)     .. 

36-96 

94-39 

No.  3  (a)     . . 

63-64 

96-12 

.,     (6)     .. 

9-12 

96-86 

„     (c)     .. 

42-66 

9303 

„     (d)     .. 

38-61 

92-20 

L.  R.  von  Korczynski,  No.  1  (a)    . . 

13-67 

69-16 

„    (6)    .. 

37-08 

80-43 

„    (c)    .. 

16-09 

76-80 

•»                >•                »f    (»)    •  • 

27-89 

83-66 

„     (e)    .. 

87-36 

90-77 

No.  2  (a)    .. 

3918 

76-10 

»•                ft               If    (6)    • . 

63-82 

89-36 

M         (C)         .. 

29-09 

88-42 

»t               M               »•    (<i)    . . 

34-31 

86-23 

p.  Sauerbruch  (a) 

46-90 

81-98 

(6) 

30-76 

67-82 

(c) 

61-90 

71-40 

Hote,  No.  1  (a) 

61-16 

93-14 

..(b) 

48-90 

92-98 

M     (c) 

62-62 

92-30 

»    w 

47-21 

92-84 

M     No.  2(a) 

67-09 

90-73 

»    (6) 

6310 

90-13 

».          f*    (c) 

68-60 

90-96 

»  w 

69*80 

90-12 

D.— BLOOD. 

In  osteomalacia  the  blood  sometimes  presents  the  characters  met  with 
in  chlorosis  [yon  Jaksch,  Winckel,  Eisenhardt  (38)].  It  is  uncertain 
whether  this  has  any  connection  with  the  ovaries,  the  removal  of  which, 
according  to  Breuer  and  Seiler,  resulted  in  similar  changes. 

Apart  from  an  increase  of  eosinophile  cells,  every  variety  of  secondary 
anaemia  is  to  be  expected  [Neusser].  Changes  of  a  morphological  nature 
bearing  a  resemblance  to  chlorotic  changes  have  been  found  also  in 
rickets  [Schiff,  Morse  (39)].  Generally  speaking,  the  most  diverse 
variations  occur  without  being  peculiar  to  the  disease  (40). 

Special  attention  has  been  devoted  to  the  chemical  composition  of 
the  blood. 
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Li  osteomalacia,  as  well  as  in  rachitis,  the  presence  of  an  acid  (lactic 
acid)  has  been  assumed  and  a  loss  of  alkalinity  presupposed,  both  being 
actually  found  in  several  cases  of  osteomalacia  (41).  Kohler,  in  an 
analysis  of  the  ash,  observed  an  increase  of  sulphuric  acid  and  a  decrease 
of  sodium.  Li  other  cases  the  reaction  was  normal  (43).  The  redaction 
of  alkalinity  is,  as  in  other  diseases  akin  to  marasmus  which  lead  to 
ansemia,  dependent  on  the  reduction  of  the  protein  content  of  the  blood, 
and  not  on  the  presence  of  any  particular  acid. 

Li  rickets  Stoltzner  (44)  has  demonstrated  by  exhaustive  experiments 
that  the  alkalinity  remains  normal. 


E.— URDfE. 
1.  Colour. 

In  ochronosis  urine  is  discharged  which  either  is  already  blackish  in 
colour,  or  immediately  becomes  so  on  exposure  to  the  air.  Albrecht  and 
Zdarek  found  that  the  urine  reduced  Fehling's  solution  and  ammoniacal 
silver  solution,  and  observed  that  when  chloride  of  iron  was  added  to  an 
ether  extract,  a  transitory  green  colour  appeared.  The  dark  colouring 
of  the  cartilage  and  urine  was  associated  with  the  presence  of  a  nitro- 
genous substance ;  accordingly  in  this  case  alkapton  or  one  of  its  deri- 
vatives must  have  been  present.  Langstein,  on  investigating  the  urine 
in  a  case  of  Hansemann's,  and  analyzing  cartilage  in  a  case  of  L.  Pick's 
(47),  found  no  support  for  the  theory  that  the  black  colouring  of  urine 
and  cartilage  was  due  to  alkapton ;  he  regarded  the  colouring  matter  as 
melanin. 

2.  Laetle  Add. 

In  cases  of  osteomalacia,  lactic  acid  has  sometimes  been  observed  in 
the  urine,  but  its  absence  is  the  more  general  finding  (48).  Lactic  acid 
occurs  in  other  conditions,  so  that  its  presence  in  osteomalacia  cannot  be 
peculiar  to  that  disease,  and  the  authorities  who  report  its  occurrence 
do  not  thereby  prove  what  they  pathologically  claim  to  do. 

3.  Benoe-Jones  Albumin. 

In  the  year  1848  Bence-Jones  examined  the  urine  of  a  man  supposed 
to  be  suffering  from  osteomalacia,  and  for  the  first  time  obtained  the 
remarkable  result  that  at  66°  O.  the  urine  exhibited  turbidity  ^diich 
disappeared  on  boiling,  reappearing  on  cooling.  He  was  further  enabled 
to  show  that  the  urine,  with  nitric  acid  and  other  mineral  acids,  even 
when  cold  yielded  a  precipitate,  which  disappeared  on  the  application 
of  heat  and  reappeared  on  cooling.  As  Dalrymple  (50)  reports,  it  is 
here  no  question  of  osteomalacia,  but  rather  of  myelomatosis.  Since 
that  time  more  than  one  hundred  similar  investigations  have  been 
made  (51). 
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Bence-Jones,  Kuhne,  Huppert,  etc.  (52),  were  of  opinion  that  the 
matter  found  in  the  urine  was  an  albumose ;  Magnus-Levy  has  shown 
that  it  is  a  pure  albumin.  Its  albuminous  nature  has  recently  been 
confirmed  by  Abderhalden  and  Bostoski  (64),  in  that  they  have 
succeeded,  by  submitting  the  substance  to  hydrolysis,  in  extracting 
tyrosin.  Moreover,  Grutterink  and  de  Graaff  (56)  have  succeeded  in 
crystallizing  this  substance.  It  is  often  excreted  in  the  urine  in  large 
quantities — 15  to  36  grammes  [Magnus-Levy,  etc.] — but  the  amount 
varies  in  different  cases.  In  Magnus-Levy's  (66)  case,  the  quantity 
amounted  to  40  per  cent,  of  the  total  nitrogen.  Occasionally  ordinary 
albumin  occurred  in  the  urine.  The  substance  has  been  also  found  in  the 
medulla  of  the  diseased  bone  [Parkes  Weber,  Hutchison  and  Macleod 
(57)]  ;  in  the  blood,  exudation,  and  lymphatic  glands  \TEL.  Ellinger  (68)]. 

After  careful  calculation  Magnus-Levy  felt  satisfied  that  the  substance 
could  not  possibly  originate  in  the  diseased  medulla,  and  therefore 
attributed  its  origin  to  metamorphosis  of  the  albumin  contained  in  the 
food,  but  up  to  the  present  it  has  only  once  been  proved  that  the  quanti- 
tative secretion  of  Bence-Jones  albumin  depends  directly  on  the 
presence  of  albumin  in  the  food  [Voit  and  Salvendi  (60)] ;  the  majority 
of  investigations  showed  no  such  relation  [Parkes  Weber,  Allard  and 
S.  Weber,  etc.  (61)]. 

Of  great  importance  is  the  fact,  first  pointed  out  by  Kahler,  that  the 
Bence-Jones  (62)  albumin  appears  in  myelomatosis — a  disease  peculiar 
to  the  medulla.  The  only  apparent  exceptions  are  the  observations  of 
Askanazy  and  Baschkes  (63).  In  Askanazy's  case  there  was  probably 
also  lymphsBmia ;  moreover,  as  myeloma  sometimes  stimulates  leuchaamia, 
it  is  possible  that  such  was  the  case  here.  Raschkes'  case  was  nominally 
one  of  severe  osteomalacia,  but  it  is  possible  that  here  too  it  was  in 
reality  a  question  of  myelomatosis. 


F.— ON  THE  PATHOGENESIS  OF  OSTEOMALACU  AND  RICKETS. 

In  all  discussions  on  the  origin  of  osteomalacia  and  rickets  local 
changes  in  the  skeleton  occupy  the  most  prominent  position.  Clinical 
experience,  however,  shows  that  essential  characteristics  of  the  disease 
are  also  to  be  found  elsewhere.  In  the  majority  of  cases  other  parts 
(muscle,  nerves)  are  also  attacked,  and  frequently  the  metamorphosis 
of  the  bone  is  not  even  of  the  first  importance  from  the  symptomatic 
standpoint.  Hypotheses  which  ignore  this  fact  can  therefore  lay  little 
claim  for  consideration. 

Hence  it  follows  that  the  view  that  a  primary  lack  of  calcium  is  the 
origin  of  osteomalacia  and  rachitis  is  not  satisfactory,  whether  it  be  assumed 
in  the  unsuitable  nature  of  the  food — calcium  and  sodium  chloride  deficit 
[Seeman,  Zander,  Zweifel  (64)] ;  in  defective  resorption  of  calcium — ^lack  of 
Hd  in  the  stomach  [Seeman,  Zweifel  (64)] ;  in  disturbance  of  the  function 
of  the  intestines,  in  abnormal  loss  of  calcium  through  the  action  of  unusual 
acids  in  the  blood  or  bone — lactic  and  carbonic  acid  from  the  inflamed 
medulla  [Pommer,  Bindfleisch,  Wachsmuth  (65)];  or  in  the  increased 
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caloiom  consumpticm  during  either  suffioient  or  insufficient  calciam 
intake — ^puerperal  osteomalacia.  AU  these  hypotheses  break  down 
before  the  actual  fact  that  not  a  single  one  of  these  possibilities — ^if  they 
eyer  occur  at  all — can  be  exhibited  in  a  growing  or  adult  person  in  sach 
degree  as  to  bring  about  adequate  pathological  effects.  The  ref^ience 
to  clinical  and  experimental  discoyeries  in  veterinary  patholc^y,  according 
to  which  the  administration  of  food  containing  no  calciimi,  or  the 
administration  of  lactic  acid,  produced  rachitic  or  osteomalacial  metamor- 
phoses in  the  bone  (66),  does  not  increase  tiie  value  of  the  above  theories, 
for  it  has  not  once  been  proved  that  the  fragility  of  the  bones,  which 
appeared  spontaneously  in  the  animals  tested,  is  based  on  lack  of  calcium 
in  the  food,  or  on  the  action  of  acids  [Heiss  (66)].  Moreover,  in  the 
majority  of  cases,  this  fragility  has  been  experimentally  caused,  and 
is  neither  osteomalacia  nor  rickets,  but  osteoporosis  (67) ;  only  in  the 
experiment  of  Voit  (68)  was  bone  metamorphosis  demonstrated  (von 
Buhl]  resembling  that  caused  by  rachitis  in  mankind.  However,  in  this 
seemingly  convincing  experiment  the  quantitative  content  of  calcium 
in  the  organism  of  the  rachitic  animal  differs  from  that  observed  in  the 
rachitic  child.  While  in  experimental  rachitis  there  is  a  reduction, 
absolute  and  relative,  in  the  calcium  contained  in  the  bones  and  flesh, 
in  the  rachitic  child  the  absolute  content  of  calcium  in  the  bones  is 
smaller,  but  that  of  the  flesh  greater  [Brubacher  (69)] — ^in  any  case  not  less 
than  in  the  normal  state  [W.  Stoltzner  (70)]. 

The  question  now  is,  How  is  it  that  the  rachitic  bone  fails  to  assimilate 
calcium  in  spite  of  sufficient  being  present  in  tissues  and  blood  ?  The 
answer  can  only  be  that  the  cells  of  the  osteogenic  tissue  have  so  changed 
in  their  fundamental  biological  character  as  to  have  lost  the  capacity  for 
absorbing  and  assimilating  calcium  (71). 

The  incapacity  of  the  cells  of  rachitic  bone  to  assimilate  calcium,  and 
that  of  the  osteomalacial  to  retain  calcium,  has  been  traced  to  an  abnormal 
function  of  those  organs  which  are  regarded  as  influencing  both  bone 
formation  and  metabolism.  In  rachitis  the  thymus  [Friedleben,  von 
Mettenheimer,  Basch  (72),  etc.],  the  suprarenal  glands  [Stoltzner  (73)], 
and  the  thyroid  [0.  Heubner  (74),  etc.],  were  taken  into  account.  In 
osteomalacia  the  thyroid  gland  [Honnicke]  and  the  ovaries  have  been 
discussed  in  tum  [Fehling].  This  view  of  the  matter  certainly  fulfils 
all  the  requirements  of  the  above-mentioned  claim — ^viz.,  that  all  theories 
of  this  disease  must  explain  not  only  the  condition  of  the  skeleton, 
but  also  that  of  the  organs.  It  is  well  known  that  the  glands  just 
mentioned  have  a  certain  influence  on  the  chemical  processes  in  the 
body,  even  though  no  detailed  proof  exists. 

Further  research  on  the  essential  nature  of  rachitis  was  impossible 
in  this  direction.  The  results  of  experiments  on  the  relation  of  the 
thymus  to  the  metabolism  of  calcium  are  somewhat  contradictory  (76). 
Therapeutic  successes  from  the  administration  of  thymus  are  lacking 
[W.  Stoltzner  and  W.  Idssauer  (76)],  as  are  also  those  from  thyroid 
gland  [0.  Heubner,  W.  Knopfelmacher]  and  suprarenal  gland  administra- 
tion [L.  Langstein,  Neter,  Honigsberger  (77)].  Bossi,  however,  daims 
to  have  produced  considerable  improvement  in  the  condition  of  the  bones 
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in  osteomalacia  by  the  injection  of  |  centigramme  of  1  per  cent,  adrenalin 
solution  daily  for  five  days. 

The  theory  which  connects  osteomalacia  with  an  abnormal  fmiction 
of  the  genital  glands  appears  well  fomided,  though  even  here  too  many 
uncertainties  arise.  One  fact  seems  established — ^viz.,  that  the  removal 
of  the  genital  glands  (with  or  without  the  uterus)  results  in  the  cure  of 
osteomalacia  [Fehling,  etc.] ;  and,  further,  it  is  certain  that  during 
pregnancy  and  parturition  a  direct  ''physiological"  osteomalacia  of 
the  pelvic  bone  takes  place  [Hanau  (78)].  But  as  soon  as  the  experiment 
is  questioned  doubts  spring  up  (79).  According  to  the  experiments 
hitherto  made,  it  cannot  with  certainty  be  affirmed  that  castration  affects 
the  metabolism  of  phosphorus,  calcium,  and  magnesia ;  nor  have  those 
experiments  uniform  results  which  deal  with  the  effect  of  ovarin  prepara- 
tions on  the  metabolism  of  these  elements  in  the  castrated  and  in  the 
normal  organism.  The  effect  of  castration  on  the  metabolism  of  calcium 
and  phosphorus  appears  more  lasting  in  female  osteomalacia  patients. 

S.  Neumann,  Goldthwait,  Painter,  Osgood,  and  Crudden  have  observed 
increase  of  calx  and  phosphorus  after  castration  {vide  Table,  pp.  1264, 
1266).  But,  as  I  have  alrecMly  said,  I  hesitate  to  accept  the  explanation 
of  a  new  formation  of  bone  being  here  involved.  In  Neumann's  cases, 
as  well  as  in  other  investigations,  increase  of  calcium  and  phosphoric  acid 
occurs  even  in  a  severe  stage  of  the  disease,  and  in  the  investigations 
of  Sauerbruch  and  Hotz  the  same  result  was  obtained  through  the 
administration  of  phosphorus.  The  successes  of  organic  therapeutics 
with  ovarian  substance  are  only  of  negative  value  [von  Korczynski, 
Senator].  The  same  holds  good  of  the  action  of  the  thyroid  gland  sub- 
stance [Hotz,  Senator],  which  is  of  value  in  forming  an  opinion  on  the 
theoiy  recently  brought  forward  by  Honnicke  that  osteomalacia  is  the 
result  of  disease  of  the  thyroid  gland.  We  must  therefore  be  content 
for  the  present  with  a  mm  libuet. 

Chalmers  Watson  has  conducted  a  series  of  investigations,  the 
results  of  which  show  that  the  bones  of  animals  fed  on  an  excessive  meat 
diet  present  an  appearance  of  delayed  and  imperfect  ossification  with 
increased  vascularity,  and  an  increase  in  the  number  of  red  blood- 
corpuscles  (82).  To  the  naked  eye  the  changes  closely  simulate  those 
present  in  advanced  cases  of  rickets  in  the  human  subject,  but  under  the 
microscope  they  appear  quite  distinct  from  those  present  in  that  disease. 
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CHAPTER  XVm 
DIABETES  INSIPIDUS 

Bt   L.   MOHB,   HALLE    a.   S. 
Tbanblatbd  bt  a.  L.  Edwabds. 

A.— CONSUMPTION  OF  ENBB6T  IN  DIABETES  INSIPIDUS. 

A.  Maontts-Levy  (1)  found  that  a  patient  weighing  65|  kilogrammes  had 
an  oxygen  consumption  of  210  c.c.  a  minute,  equal  to  3*97  o.c.  per  kilo- 
gramme.   This  estimate  is  somewhat  above  normal. 

As  far  as  is  known  from  recent  inyestigations,  the  food  requirements 
are,  as  a  rule,  normal. 

Tallqvist  reports  a  case  where  the  patient's  weight  was  65  kilogrammes, 
the  gross  intake  43  calories  per  kilogramme,  and  the  increase  of  weight 
in  four  weeks  amounted  to  2  kilogrammes.  During  another  period  of 
examination,  when  the  food  contained  39-1  calories  per  kilogramme, 
the  weight  sank  from  66*8  to  62-2  kilogrammes.  The  decrease  in  weight 
is  to  be  traced  to  loss  of  water,  and  for  two  reasons :  First,  because  it 
took  place  simultaneously  with  retention  of  nitrogen ;  and,  secondly, 
because,  what  was  not  the  case  in  the  former  period,  the  diuresis  increased 
owing  to  a  higher  percentage  of  albumin  in  the  food.  In  another  period 
of  ten  days'  duration,  with  no  albumin  in  the  food  and  40  calories 
per  kilogramme,  nitrogen  remained  stationary,  but  the  patient  lost 
600  grammes. 

With  43  calories  per  kilogramme  of  body-weight,  and  upon  a  diet 
poor  in  albumin,  there  was  an  increase  of  3  kilogrammes  in  one  month. 
Similar  figures  are  giyen  by  other  authorities  [Vaimini,  Strubell,  Hirsch- 
feld,  Oerhardt,  Butler  and  French  (3)]. 

This  fully  accords  with  clinical  experience,  which  shows  that,  as  a 
rule,  the  state  of  nutrition  in  diabetes  insipidus  undergoes  no  important 
change.  In  some  cases,  it  is  true,  at  the  beginning  of  the  disease  a 
considerable  loss  of  weight  takes  place,  but  this  generally  ceases  after  a 
short  time.  In  other  cases,  again,  in  spite  of  an  increase  of  food,  emacia- 
tion sets  in  ;  only  improyement  in  the  polyuria  cem  check  this  process. 

Conclusions  a  posteriori  on  abnormal  metabolic  processes  in  diabetes 
insipidus  must  not  be  drawn  from  statements  such  as  these,  which  abound 
in  earlier  literature.  It  is  well  known  that  serious  errors  can  occur 
when  considering  nutrition  solely  with  regard  to  its  quality  and  quantity. 
In  diabetes  insipidus  the  primaiy  cause  of  loss  of  weight  lies  in  the  loss 
of  water,  from  which  the  patient  suffers  in  the  early  stages  of  the  disease. 
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Nevertheless,  these  estimates  provide  opportunity  for  loddng  the 
qaestion  in  the  face  as  to  whether  in  diabetes  insipidus  there  can  be 
factors  at  work  contributing  a  higher  rate  of  exchange  of  energy. 

In  the  first  place,  the  fact  must  not  be  n^lected  that  the  diabetee 
is  not  generally  an  independent  form  of  disease,  but,  according  to  its 
nature,  etiology  and  clinical  importance,  a  specially  striking  symptom 
common  to  diseases  sometimes  widely  differing  in  character.  Most 
probably  in  all  cases  the  first  cause  of  polyuria  is  to  be  found  in  either 
organic,  or  functional,  injury  to  certain  parts  of  the  nervous  system. 
The  cause  itself,  however,  may  vary  in  nature,  although  it  exercises 
a  determining  influence  on  the  rate  of  oxidation — t,g.^  diseases  of  the 
hypophysis  cerebri,  thyroid,  etc.  But  these  are  disturbances  co-ordinate 
with  the  diabetic  syndrome,  and  not  subordinate  thereto. 

The  reaction  of  pol3ruria  on  the  nitrogenous  metabolism  has  beoi 
determined  experimentally,  and  it  has  been  found  that  an  abnormal 
amount  of  water  in  the  body  leads  to  an  increased  output  of  nitrogen 
and  nitrogen  extractives  (4).  This  fact  is  one  that  must  be  taken  into 
consideration  in  diabetes  insipidus.  It  is,  nevertheless,  improbable 
that  this  action  of  polyuria  persists  throughout  the  whole  course  of  the 
disease,  more  especially  as  in  the  experiment  it  is  of  very  short  duratiiHi. 
[Oppenheim,  von  Noorden  (5)].  It  must,  however,  be  remembered 
that  what  is  true  of  the  normal  does  not  necessarily  hold  good  in  the 
case  of  the  diseased  organism,  and  it  cannot  be  overlooked  that  in  diabetes 
insipidus  the  abnormal  amount  of  water  present  in  tiie  body  produces 
an  abnormal  rate  of  nitrogenous  metabolism. 

In  another  direction  polyuria  is  of  importance  for  the  gen^ul  metabo- 
lism. The  excessive  quantity  of  fluid  absorbed  and  later  dischaiged 
in  the  urine  demands  so  great  an  expenditure  of  heat  in  order  to  keq> 
it  at  the  temperature  of  the  blood  that  changes  in  the  economy  of  heat 
are  thereby  brought  about.  Por  instance,  to  bring  10  litres  of  wat^ 
from  \V^  0.  up  to  blood-heat  (37^  C.)  an  expenditure  of  220  calories  is 
required  [von  Noorden  (6)];  an  expenditure  of  2,000  calories,  which 
would  be  the  amount  for  a  patient  weighing  50  kilogrammes,  amounts 
to  11  per  cent,  of  the  total  heat  produced. 

It  is  quite  possible  that  the  somewhat  high  figure  for  oxygen  con- 
sumption in  Magnus-Levy's  patient  may  be  traced  to  this.  As  a  rule, 
the  extra  demand  for  heat  thus  rendered  necessary  is  not  of  great 
importance;  relatively  it  is  higher  wh«i  the  absolute  requirement  is 
small  than  when  this  is  great.  It  is,  however,  open  to  question  whether 
this  factor  is  of  any  value,  for  this  excess  of  heat  which  disappears  with 
the  urine  can  be  balanced  by  restricting  the  loss  of  heat  through  the 
skin  (evaporation,  conduction,  and  radiation).  Indeed,  in  diabetes 
insipidus  a  reduction  in  the  temperature  of  the  skin  (axilla)  is  freqnentiy 
observed. 
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B.— METABOLISM  OF  PROTEIN. 

The  metabolism  of  protein  has  aroused  special  interest  for  a  consider- 
able time — ^in  fact,  ever  since  the  fluctuations  of  the  urea  output  in 
diabetes  insipidus  were  made  known.  This  may  be  normal,  low,  or 
very  high.  Hence  the  conclusion  that  cases  of  diabetes  insipidus  may  be 
characterized  by  increased  disintegration  of  protoplasm  [azoturia  (7)]. 
But,  of  course,  a  high  urea  output  is  not  Efynonymous  with  abnormal 
breaking  down  of  protein.  The  amount  of  urea  depends  first  of  all  on 
the  proportion  of  albumin  present  in  the  food,  and  there  is  nothing  in 
the  investigations  reported  in  the  earlier  literature  to  show  that  any  other 
factors  are  at  work  having  an  injurious  effect  on  the  protoplasm  in 
diabetes.  No  figures  relative  to  the  nitrogenous  balance  exist ;  at  best, 
parallels  of  little  or  no  value  have  been  made  by  comparison  with  the 
urea  output  of  normal  persons  on  the  same  diet. 

Only  recently  have  exhaustive  investigations  given  the  nitrogen 
input  and  output.  They  go  to  prove,  however,  that,  as  a  rule,  the  albumin 
metabolism  in  the  diabetic  patient  is  not  affected.  The  patient,  with  a 
sufficient  supply  of  calories  and  a  medium  or  low  supply  of  nitrogen, 
maintains  precisely  the  same  protein  balance  as  a  normal  person  [Strubell, 
Tallqvist,  Vannini,  Gerhardt,  Butler  and  French  (8)].  Isolated  observa- 
tions report,  it  is  true,  loss  of  albumin,  in  spite  of  a  diet  of  apparently 
sufficient  calorific  and  protein  values.  The  loss  of  nitrogen  is  generally 
slight — ^hardly  more  than  2  grammes  in  twenty-four  hours  [Strubell, 
Vannini,  Hirschfeld,  Ferranini  (9)]. 

Hence  the  conclusion  either  that  the  action  of  augmented  quantities 
of  fluid  was  injurious  to  protoplasm  (which  is  improbable),  or  that  the  diet 
was  deficient  in  calories.  On  a  close  observation  of  the  cases  neither 
inference  is  very  probable.  Polyuria  is  in  every  case  by  no  means  abnor- 
mally high — on  the  whole,  much  lower  than  in  other  investigations,  where, 
after  several  weeks  of  observation,  no  increase  in  loss  of  albumin  could 
be  shown — e.g.,  Butler  and  French  (10).  The  intake  of  calories  is  likewise 
not  abnormally  low.  The  figures  for  patients  at  rest  are  as  follows  : 
Strubell,  40-62  (gross)  calories ;  Vannini,  37*5  (nett)  calories ;  Hirschfeld, 
about  44  (gross)  calories.  It  must  also  be  borne  in  mind  that  in  all  these 
cases  the  fundamental  disease  was  not  necessarily  particularly  severe,  or 
one  directly  influencing  the  albumin  metabolism.  All  the  patients 
suffered  apparently  from  the  so-called  idiopathic  form  of  diabetes  in- 
sipidus. 

I  consider  it  far  more  probable  that  the  abnormal  excretion  of  nitrogen 
in  the  above-mentioned  cases  was  an  after-effect  of  the  previous  diet  and 
the  fiuctuating  supply  of  fluid.  The  experiments  are  generally  of  short 
duration — e.^.,  Strubell,  five  days  ;  Vannini,  four  days. 

A  previous  plentiful  supply  of  albumin  or  of  fiuid,  or  reduction 
of  water,  could  quite  well,  even  in  five  days,  have  some  influence  on 
the  nitrogen  output.  Up  to  the  present,  then,  the  investigations  made 
are  of  no  value  in  deciding  the  important  question  whether  cases 
of  diabetes  insipidus  exist  with  pathological  loss  of  protoplasm.    This 
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can  only  be  decided  by  a  series  of  investigations  covering  a  consideTable 
period.  Seiler*8  (47)  recent  work  showed  a  normal  output  of  nitarogen 
with  a  bee  water  intake  (7  litres  urine),  and  a  60  per  cent,  diminished 
nitrogen  excretion  when  the  water  intake  was  restricted  (3  litres  of 
urine). 


C— WATBR  BCONOMT. 

The  metabolism  of  water  in  diabetes  insipidus  exhibits  a  number  of 
important  peculiarities.  The  water  intake  and  output  are  much  increased. 
Mtmy  things  respecting  the  quantity  and  periods  of  the  discharge  of 
urine,  as  well  as  the  peculiarity  of  it43  secretion  by  the  kidneys,  go  to 
prove  that  here  polyuria  is  primary,  polydipsia  secondary. 

The  diabetic  patient  excretes  more  urine  than  a  normal  person,  not 
only  in  consequence  of  his  drinking  more,  for  with  a  partial  or  even 
complete  suppression  of  fluid  in  the  diet  the  secretion  of  urine  continues 
for  a  considerable  time,  though  perhaps  diminished  in  quantity.  But 
in  this  matter  patients  vary.  Sometimes  the  secretion  of  urine  ceases 
from  the  moment  the  intake  is  diminished.  In  such  cases  there  is  no 
important  loss  of  water  in  the  tissues.  In  others,  again,  the  secretion 
of  urine  is  considerable  for  long  periods,  only  ceasing  temporarily  for 
short  intervals.  In  a  case  of  Strubell's  the  secretion  of  urine  only  ceased 
(and  then  for  merely  an  hour  and  a  half)  after  the  patient  had  abstained 
from  drinking  for  thirty-six  hours.  Such  patients  lose  considerable 
quantities  of  water  from  the  tissues,  and  as  a  direct  consequence  thereof 
tiie  concentration  of  the  tissue  fluids  is  altered,  and  the  onset  of  grave 
B3rmptoms  in  connection  with  the  heart  and  nervous  system  is  pre- 
cipitated. 

Needless  to  say,  a  steady  loss  of  water  from  the  organs  and  fluids  of 
the  body  is  incompatible  with  the  continuance  of  the  processes  of  life. 
Under  such  circumstances,  speedy  death  would  be  inevitable.  In  reality, 
loss  of  water  in  the  tissues  is  a  temporary  phase  of  diabetes  insipidus, 
and  probably  only  the  accompaniment  of  the  enforced  diminution  or 
total  withdrawal  of  water.  If  thirst  be  freely  satisfied,  the  water  lost  (in 
a  minority  of  cases)  represents  that  contained  in  the  diet,  together  with 
the  fluids  produced  by  its  assimilation  in  the  body ;  but  far  more  fre- 
quently the  loss  is  not  so  great.  Therefore,  as  a  rule,  there  is  no  danger 
of  excessive  dryness  of  the  tissues  in  diabetic  patients  (see  below.  Blood). 
The  increase  of  thirst,  and  its  satisfaction,  is  manifestly  the  most  essential 
and  potent  regulator  in  protecting  the  body  from  entire  lack  of  water. 

The  discharge  of  water  through  the  kidneys  is,  in  diabetes  insipidus, 
above  the  normal,  not  only  absolutely,  but  also  relatively  to  the  total 
loss  of  water.  Normally,  whatever  t^e  amount  of  fluid  assimilated,  it 
is  so  distributed  among  t^e  excretory  tissues  that  between  66  per  cent, 
and  70  per  cent,  of  the  entire  water  of  the  body  is  discharged  through  the 
kidneys,  the  rest  being  carried  off  through  the  lungs  and  skin  {perspiraiio 
iWeiMf&iZttf), ^whereas  in  the  diabetic  patient  the  proportion  of  urine  to 
the  total  amount  of  water  is,  as  a  rule,  far  higher — sometimes  even  over 
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90  per  cent.  Hence  the  amount  of  water  given  off  in  evaporation  is 
decidedly  subnormal,  not  only  in  relative  value  to  the  total  mass  of 
water  absorbed  and  later  discharged  in  the  urine,  but  also  frequently  in 
absolute  value.  But  this  latter  is  not  always  the  case,  and  may  even 
differ  in  the  same  patient  at  different  times  [Strauss,  Burger,  Flatten, 
Strubell,  Vannini  (11)].  Moreover,  the  degree  of  perapiraiio  insensibMs 
is  independent  of  the  quantity  of  water  absorbed  [Flatten]  ;  but,  on  the 
other  hand,  it  seems  sometimes  dependent  on  diet.  A.  Pribram  (12)  has 
observed  that  on  a  carbohydrate  rich  diet  it  is  greater  than  on  a  diet 
rich  in  albumin. 

The  reduction  of  perspiratio  inaensibilis  can,  of  course,  only  affect 
that  proportion  of  water  which  is  evaporated  through  the  skin,  for  the 
breath  is  always  saturated  with  aqueous  vapour.  The  patient  is  made 
aware  of  this  reduction  by  his  inability  to  perspire,  this  being  one  of  the 
first  and  most  troublesome  symptoms.  When  very  pronounced,  it  can 
even  be  synonymous  with  inability  to  regulate  the  internal  temperature, 
so  that  a  high  external  temperature  or  an  increased  production  of  heat 
causes  a  rise  of  the  internal  temperature  [F.  Stoermer  (13)].  To  these 
extremes  the  majority  of  patients  are  liable  when  the  loss  of  water  through 
skin  and  lungs  can  be  increased  by  measures  which  in  any  case  lead  to 
an  increase  of  evaporation — e.^.,  vapour  baths,  cooling  baths,  fever,  etc. 
At  the  same  time,  the  apparency  paradoxical  fact  is  occasionally  observed 
that,  in  spite  of  increased  loss  of  water,  the  feeling  of  thirst  decreases 
[StrubeU,  Meyer  (14)]. 

Various  abnormal  peculiarities  axe  noticeable  regarding  the  periodicity 
of  the  urinary  excretion.  Differences  are  met  with  in  the  quantity  of 
day  and  night  discharge.  Frequently  the  night  urine  is  greater  than 
that  of  the  day,  in  spite  of  less  fluid  being  assimilated ;  but  this  mani- 
festation, like  those  mentioned  above,  is  not  regular.  Almost  as  fre- 
quently the  amount  of  the  day  and  night  urines  is  equal,  or  the  former 
greater  than  the  latter.  But  these  details  are  nevertheless  valuable,  as 
they  lend  themselves  so  excellently  to  experimental  illustration.  Most 
diabetic  patients  respond  to  a  supply  of  fluid — ^whether  administered  in 
one  large  or  in  several  small  quantities  at  short  intervals — by  a  retarded 
discharge  of  the  same  in  the  urine. 

The  curve  of  the  water  secretion,  in  contrast  to  the  normal,  where  the 
fluid  is  more  quickly  discharged,  reaches  its  maximum  later,  maintains 
it  for  a  considerable  time,  and  extends  it  over  a  long  period — [bradyuria 
(15)].  This  peculiarity  explains  the  fact  that  the  quantity  of  the  night 
urine  is  greater  than  that  of  the  day  urine. 

But  bradyuria  is  apparently  not  a  distinctive  feature  of  diabetes 
insipidus.  Kraus,  at  least,  found  that  the  urine  secretion  curve  took 
quite  another  course  after  an  abundant  supply  of  water — ^viz.,  a  sharp 
rise  and  corresponding  fall,  more  rapid  discharge  than  under  normal 
conditions  and  a  subsequent  minimum,  which  was  maintained  for  a 
considerable  time— tachyuria  (16).  It  is,  however,  doubtful  whether 
tiiis  mode  of  urinary  excretion  is  peculiar  to  diabetes  insipidus,  for, 
besides  the  fact  that  up  to  the  present  this  is  the  only  case  known,  tachy- 
uria  is  to  be  found  under  normal  conditions  [Stmbell  (17)]. 
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The  meaning  of  these  facts  is  to  be  found  in  an  almormal  action  of 
the  kidnqrs,  an  explanation  long  conjectured,  but  only  recently  more 
exhaustively  investigated  [Tallqvist,  Meyer  (18)]. 

The  function  of  the  normal  kidney  is  to  regulate  the  osmotic  equili- 
brium of  the  fluids  by  the  elimination  of  metabolic  residues  by  means 
of  two  variable  factors — the  quantity  and  the  concentration  of  the  urine. 
These  vary  in  value  according  to  the  number  and  nature  of  the  urinaiy 
molecules.  Under  certain  conditions  they  are  either  of  equal  or  of 
diametrically  opposite  values — e.^.,  the  quantity  as  well  as  the  conooi- 
tration  can  increase  when  considerable  quantities  of  salt  or  urea  have 
to  be  removed  from  the  body ;  but  generally  in  that  case  the  conc^i- 
tration  is  increased  rather  than  the  quantity.  It  does  not  concern  us 
at  present  by  what  mechanism  the  kidneys  efiFect  their  purpose— wheth«^ 
by  reabsorption  of  water  in  the  tubules,  or  by  active  secretion  of  concen- 
trated salt  or  urea  solution.  The  fact  remains  that  the  kidneys  in  a 
normal  state  are  able  to  prepare  urine  varying  in  conc^itration  in  accord- 
ance with  the  prevailing  requirements,  and  solely  by  increasing  the  con- 
centration to  efiFect  the  discharge  of  solid  elements  without  important 
increase  in  the  quantity  of  urine.  In  diabetes  insipidus  the  kidneys 
are  clearly  incapable  of  performing  this  duly,  for  the  concentration  of 
urine  remains  inconsiderable  even  under  conditions  where  normally 
the  kidneys  react  in  vezy  marked  degree  by  increasing  the  osmotie 
tension  of  the  urine — e.g.,  on  a  diet  containing  much  albumin  and  salt. 
But  in  diabetes  insipidus  tiiese  circumstances,  as  shown  by  numerous 
experiments,  only  cause  an  excessive  increase  of  t^e  quantity  of 
urine  (19). 

The  cause  of  this  peculiar  manifestation  does  not  lie  in  a  functional 
weakness  of  the  diabetic  kidneys,  for  the  number  of  molecules  discharged 
in  the  urine  in  twenty-four  hours  is  the  same  for  a  diabetic  patient  as 
for  a  healthy  person  on  the  same  diet — ^that  is  to  say,  in  this  direction 
the  kidneys  act  quite  normally.  If  it  be  desired  to  characterize  more 
exactly  the  functional  disturbance,  it  can  only  be  said  that  the  diabetic 
kidney  is  incapable  of  preparing  concentrated  urine.  Accordingly,  poly- 
uria is  to  a  certain  extmit  a  compensatory  process  and  a  means  of  hindiar- 
ing  the  retention  of  urinary  material.  This  view  gives  a  direct  answer 
to  the  much-discussed  question  whether  polyuria  or  polydipsia  be  the 
primary  symptom  in  diabetes  insipidus. 

In  diabetes  insipidus  there  can  be  no  doubt  that  polyuria  is  of  primary 
importance.  Since  the  kidneys  can  only  discharge  soUd  matter  when 
abimdantly  diluted,  the  imminent  danger  of  total  loss  of  water  must  be 
obviated  by  ample  supply  of  water  in  the  diet.  Accordingly,  diabetes 
insipidus  is  based  upon  an  abnormal  action  of  the  kidneys,  probably  due 
to  nervous  afiFection.  The  diabetic  kidney  has,  however,  not  quite  lost 
the  power  of  concentrating  urine,  for  in  isolated  cases  it  frequently 
asserts  itself.  But  in  comparison  with  the  function  of  the  normal  kidney, 
it  is  certainly  considerably  deteriorated.  Certain  measures — e.^.,  sudo- 
rifics,  vapour  baths,  etc. — ^for  drawing  oS  in  otiier  ways  the  water  that 
should  be  discharged  by  the  kidneys  bring  this  capacity  into  prominence 
again.    According  to  many  authorities,  fever  also  causes  a  reduction  in 
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the  quantity  and  an  increase  in  the  osmotic  concentration  of  the  urine 
[A.  Pribram,  E.  Pribram,  Strubell,  E.  Meyer,  H.  Strauss].  Probably 
antipyrin,  so  often  employed  in  the  treatment  of  diabetes  insipidus,  acts 
in  the  same  way  [Hirschfeld  (20)]. 


D.— THE  DIGESTIVE  ORGANS. 

Increased  secretion  of  aaliva  has  been  frequently  observed  (21).  In 
Kiik's  case  several  hundred  cubic  centimetres  of  saUva  were  secreted 
daily.  It  may  be  assumed  that  pol3ruria  and  salivation  originate  in  the 
same  disturbance  of  the  nervous  sjrstem.  Eckhard,  in  his  experiments 
on  polyuria,  observed  augmentation  of  submaxillary  saliva.  Careful 
investigations  of  the  secretion  in  the  intestinal  canal  have  not  been 
reported. 

The  appetite  is  not  the  same  in  all  cases.  Many  patients  experience 
no  change,  but  in  others  there  is  an  increase  of  appetite  as  well  as  of 
thirst,  and  these  latter  probably  suffer  from  ''  azoturia." 

Obstipation  frequently  occurs,  probably  from  the  great  resorption  of 
water  from  the  intestines.  The  fsBces  contain,  therefore,  very  little 
water  as  a  rule,  but  show  an  increase  of  moisture  when  the  discharge 
of  water  from  the  kidneys  is  drawn  off  by  other  means — e.^.,  when  poly- 
uria is  reduced  by  means  of  antipyrin  [Hirschfeld]. 

The  abaorption  of  food  is  normal  [Strubell,  Vannini]. 

The  following  table  gives  the  figures  for  tiie  daily  percentage  of  loss 
in  tiie  fasces : 


C€ue. 

AiUhar. 

Duraiian 

of  Expert- 

meni. 

Percentage  of  Loss  in  Fceees. 

Dry 
SalMtuioe. 

NltrogWL 

Fht 

Oarbo- 
hydmto. 

l\ 
2/ 

n 

2/ 

StrubeU 

Vmmini 

Butler  and  French 

IHJB. 

34 

605 
605 

8-33 

10-36 

8-21 

5-68 

10-90 

6-51 
7-00 

0-968 
0-630 

E.— PBRSPDRATION. 

This  subject  has  been  already  discussed  above.  It  need  only  be 
mentioned  here  that  Sta'auss  (22)  found  higher  osmotic  concentration 
and  greater  content  of  salt  in  the  perspiration  )lian  in  the  urine 
(A=  ~O40»NaCl->O*41  per  cent.).  This  is  exactly  the  reverse  of  the 
normal  state,  where  the  freezing-point  of  the  urine  is  invariably  higher 
than  that  of  the  perspiration. 
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F.— BLOOD. 

The  specific  gravity  of  the  blood  is,  as  a  rule,  but  little,  if  at  all,  in- 
creased (23).  In  Stoermer's  case  the  specific  gravity  of  the  ^itire  blood 
was  1066.  Strubell  (24)  found  a  normal  figure,  as  did  also  Gerhardt  ( 1065) 
(26)  and  Strauss  (1056,  1058,  and  1060)  (26).  The  specific  gravily  id 
the  serum  amounted  to  1026  in  Strauss's  case,  1028  in  Hocke's  case  (27). 

The  osmotic  concentration  of  the  blood  has  been  frequ^itly  deter- 
mined (28).  The  following  table  contains  the  figures  obtained,  togetiier 
with  the  corresponding  A  values  for  the  urine  : 


Author, 


Loeper 

Hooke  . . 

H.  StrMas 
£.  Meyor 


d  Blood. 


A  Urine. 


(  -0-61** 

-0-37*' 

-O-SO" 

-o-sr 

-0-69** 

-O-il** 

/  -0-49° 

-0-20** 

-0-33'' 

-0-67** 

— 

-0-56'' 

— 

The  dry  residue  of  the  blood  is  generally  normal  [Strubell  (29)],  in 
some  cases  reaching  a  high  figure  when  there  has  been  unlimited  supply 
of  fluid.  Strauss  (30)  found  22-21  and  22063  per  cent.,  Meyer  (31)  21-30 
per  cent.  On  limiting  the  supply  of  fluid,  Strubell  (29)  found  23-24  and 
23*26  per  cent.  Here  evidently  serious  general  disturbances  made  them- 
selves felt.  The  increase  of  the  dry  residue  is  shown  by  higher  propor- 
tions of  hasmogkbin  and  erythrocytes  [Meyer].  Geigel  (32),  on  the  other 
hand,  observed  a  reduction  of  erythrocytes. 

Strauss  (33)  has  further  conducted  refractometrical  investigations  of 
blood,  and  gives  figures  very  near  the  normal  maximum. 


G.— UHIME, 
1.  QuaUty. 

The  most  essential  points  have  been  discussed  above,  under  Water 
(p.  1282). 

2.  Nitrogenous  Ck>nstttuents. 

Vannini  (34),  in  one  case,  gives  for  the  urea  86-10  per  cent.,  in  another 
90-66  per  cent.  Butler  and  French  (35)  found  94-96  per  cent.  Von 
Jaksch  alone  gives  remarkable  figures  for  urea  nitrogen  and  amino-acid 
nitrogen.  More  than  half  the  entire  nitrogen  is  stated  to  have  been 
excreted  as  amino-acid  nitrogen.  The  figures  for  uric  acid,  contraiy  to 
former  statements,  were  found  normal  (37),  as  were  also  those  for  ammonia 
and  extractives  (37). 
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3.  Chloride  of  SodiimL 

In  the  earlier  literature  it  is  stated  that  the  chloride  output  is  increased 
in  diabetes  insipidus,  but  it  has  never  been  proved  that  this  increase  is 
due  to  anything  but  the  salt  contained  in  the  diet  [Oppenheim  (38)]. 
Ferranini  recently  reported  two  cases  in  which  an  increased  chloride 
excretion  formed  the  distinguishing  feature.  Vannini  and  Ascoli,  who 
paid  special  attention  to  the  chloride  content  of  the  food,  found  a  normal 
output. 

4.  Sulphates  and  Ethereal  Sulphates. 

The  excretion  of  sulphates  runs  parallel  with  that  of  the  albumin 
disintegration.    The  values  for  the  ethereal  sulphates  are  normal  (40). 


5.  Phosphates. 

Vannini  observed  (with  a  negative  nitrogen  balance)  a  loss  of  0629 
gramme  in  an  experiment  extending  over  four  days. 


6.  Sugar. 

In  diabetes  insipidus  sugar  is,  of  course,  not  present ;  but  in  some 
cases  sugar  has  been  observed,  and  has  been  attributed  to  a  '*  remainder  " 
from  diabetes  mellitus. 

Alimentary  glycosuria  has  sometimes  been  found,  sometimes  not 
(42,43,49). 

7.  Inosit 

This  substance  has  often  been  met  with  in  the  urine  from  cases  of 
diabetes  insipidus  (44).  At  first  great  stress  was  laid  upon  the  fact, 
but  as  it  is  not  uniformly  present  in  cases  of  diabetes,  and  may  also 
occur  in  the  urine  of  other  diseases,  as  well  as  in  healthy  urine  after 
excessive  intake  of  fluids,  it  is  not  now  regarded  as  important. 


8.  Deztilns. 

Alfthan  has  investigated  two  cases,  but  has  not  found  any  marked 
deviation  from  the  normal. 
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APPENDIX 

AHALTSB8  AMD  CALORIFIC  VALUES  OF  THE  COMMOITER 

FOOD-trrUFFS 

Bt  KATHABINE  L  WILLIAMS 
(AModaie  of  Univenity  College^  Bxistol). 

Thx  following  data  are  included  on  account  of  their  utility  for  clinical 
work.  In  some  cases  they  cannot  be  considered  more  than  approximate, 
but  they  may  be  confidently  employed  for  the  preparation  of  dietaries 
for  the  sick.  When  research  investigations  are  ciurried  out,  it  is  usual 
to  analyze  separately  the  food  used  in  each  experiment.  The  compo- 
sition, etc.,  of  some  of  the  generally  used  "artificial**  foods  is  also 
given. 


1 

ProUin 
Nx  6-26. 

Faiar 

Ether 

Eriraet. 

Carvo* 

Mineral 
Matter. 

CalorteB 

til  100 

GrammeB. 

Calories  . 
lOmnee,  : 

ANIMAL  FOODS. 

MmIs. 

CooKBo: 

Beef  (romp),  boUed 

3410 

7-60 



1-10 

809*5 

66-8 

Beef,  roasted 

34*20 

8-20 

— 

1-40 

816t> 

61-1 

Beef  (roond).  boUed 

32-80 

12-60 

— 

0-90 

860-6 

71-1    i 

Mutton,  roasted     . . 

2900 

26-80 

— 

1-90 

858-6 

168-5 

Mutton  (leg),  roasted 

26-00 

22-60 

— 

0-70 

8Cr71 

88-7 

Mutton  (leg),  boiled 

2600 

20-70 

— 

0-80 

896D 

84-8    . 

Veal  (cuUets) 

29-00 

11-90 



1-40 

830-6 

6610    I 

Veal,  roasted 

32-20 

11-40 

— 

1-60 

887-9 

68-0 

Lamb,  roasted 

24-60 

11-90 

— 

1-60 

818t> 

60-6 

Pork,  roasted 

32-60 

19-70 



1-80 

816-8 

90-6    , 

Ham,    smoked    and 

1 

boUed 

20-20 

22-40 



610 

8991 

88-6 

Bacon  (ribs) 

24-80 

37-60 

— 

2-20 

469*8 

188-6    1 

Unoookxd  : 

Beef  (rump) 

1-23 

22-60 

4-60 



1841 

88-8 

Mutton  (leg) 

100 

18-70 

17-60 

— 

877-6 

68-0 

Veal  (cutlets) 

116 

20-20 

6-40 



148*8 

40-6 

Lamb  (leg)  . . 

100 

18-60 

22-60 

— 

886-8 

81-6    1 

Pork            .. 

0-80 

14-10 

26-60 

— 

894-9 

84-0 

Ham.  smoked 

4-70 

16-60 

38-80 



488-4 

185-5 

Bacon 

6-10 

10-60 

64-80 



646-6 

183-8 

Kidney  (sheep) 

1-30 

16-80 

3-20 

— 

96-8 

87-2 

Liver  (calf) 

1-70 

20-70 

4-50 

— 

186-6 

88-8 

Tripe 

0-50 

16-40 

8-60 

— 

147-8 

48-8 

Sweetbreads 

16-80 

12-10 

— 

1-60 

181-8 

51-7 

Tongue 

17-10 

18-10 

— 

100 

888-4 

68-0 

1290 


APPENDIX 


1291 


Protein 
Nx  6-26. 

Fat  or 

Ether 

Extract. 

Carbo- 
hydrates. 

Mineral 
Matter, 

Calories 

tnlOO 

Chrammes. 

Calories 

in 
I  Ounce, 

ANIMAL  FOODS. 

Poultry  and  Game. 

Cookxd: 

Cliioken,  firioaased  . . 

17-60 

11-50 

2-40 

1-00 

179-0 

54-5 

Turkey,  roasted 

27-80 

18-40 

— 

1-20 

2861 

81-4 

Unoookbd  : 

Chicken       . . 

21-50 

2-60 



1-10 

111-4 

82-2 

Gooee 

16-30 

36-20 

— 

0-80 

408*4 

118-7 

Turkey 

2M0 

22-90 

— 

1-00 

299-4 

65-0 

Wild-duck  . . 

22-00 

3-00 

— 

1-00 

102-6 

88-1 

Pigeon 

19-50 

0-90 

— 

110 

80-7 

23-0 

Hare 

22-30 

110 

— 

1-10 

93-6 

28-8 

Rabbit 

21-40 

9-70 

— 

1-10 

124*4 

87-7 

Sansagas. 

Pork  sausage 

12-30 

21-00 

100 

3-50 

248-6 

71-1 

German  sausage     . . 

16-40 

17-90 

1600 

4-60 

251-9 

72-0 

Polony 

17-20 

32-60 

2-30 

2-80 

388*1 

109-0 

Fish. 

CooKBD  (all  Boilbd)  : 

Herrings      . . 

26-40 

9-90 

— 

2-20 

199*1 

56-8 

Herrings  (salt) 

20-90 

11-30 

9-40 

10-60 

229-2 

65-4 

Sprat 

14-00 

6-60 

2-40 

1-60 

128*5 

58-1 

Sardines 

30-20 

18-60 

— 

6-70 

299-0 

65-4 

Salmon 

19-60 

10-20 

6-10 

1-70 

193-9 

55-4 

Salmon,  fresh 

24-60 

25*90 

7-70 

210 

378*3 

106-0 

Trout 

2110 

2-30 

1-20 

1-70 

112*8 

82-8 

Lobster  or  crab, 

Dotted 
Lobster  or  orab. 

14-80 

24-80 



4-90 

162-9 

46-8 

tinned 

18-10 

110 



0-60 

81-8 

21-5 

Smelts 

15-90 

1-90 



0-90 

82-1 

23-0 

Salmon  (Califomian) 

21-50 

13-00 

1-60 

210 

209-4 

59-7 

Eel 

16-70 

17-40 

3-40 

0-80 

244-2 

69*5 

Red  muUet 

21-00 

7-80 

310 

1-70 

121-1 

84-9 

Roach 

19-60 

3-70 

1-50 

0-20 

120-5 

84-5 

Oumet 

23-40 

0-60 

1-2 

0-90 

105*4 

80-0 

Mackflrel     .. 

16-70 

6-90 

3-70 

1-10 

1461 

411 

Tunny 

24-10 

11-20 



200 

197*1 

56-8 

Cod 

21-70 

0-30 

1-60 

0-70 

97-8 

281 

Cod  (salt)    . . 
Haddock     . . 

21-00 

0-20 

1-90 

3-94 

95-6 

26-0 

22-10 

0-30 

3-60 

0-90 

106-0 

80-8 

Hake 

12-30 

0-90 

200 

0-70 

66-9 

191 

Whiting      . . 

16-90 

0-40 

3-70 

0-40 

68*5 

251 

Turbot 

18-80 

1-00 

2-60 

0-50 

95-7 

27-8 

Brill 

3500 

0-60 



1-60 

146-2 

42-6 

HaUbut 

20-30 

4-00 

— 

1-00 

120-4 

84-5 

Plaice 

1510 

200 

2-30 

0-80 

190-8 
(65-6 

25-6 

Sole 

18-03 

0-30 

2-40 

0-53 

24-5 

Lemon  sole 

15-30 

2-80 

3-20 

0-96 

108*1 

29-4 

Dory 

17-60 

0-40 

2-60 

0-20 

[657 

24-4 

Unoooksd: 

Herrings      . . 

19-60 

7-10 

— 

1-60 

145-9 

41-5 

Herring?  (salt) 

18-90 

16-90 

— 

14-60 

284-5 

66-9 

Caviare 

30-00 

19-70 

— 

4-60 

208-0 

61-5 

Salmon 

1500 

9-50 

— 

0-90 

146-6 

87-5 
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AHDCAL  FOODS. 
FIsll—UvoooEXD : 
Trout 
Smelti 
Salmon  (Odiioniiaii) 
EeU 

RedmoUei 
MMkM«l      .. 
Cod  .. 

Ood.«Ji     .. 
HAddook     .. 
H«ke 
Whiting 
Turbot 
HAlibot 
Qysten 
Turtto 

VKQETABLB  FOOD& 

Cookbd: 
Poteloai    boikd    in 


PoUtoesboOedwith 

oat  skin  .. 
Softriot  ronner 
OftblMgo,  umwoj 
Beetroot 
SAlaily 
Owroto 

VegetftUe  marrow 
OMiUfloirer 
Onion 
PMHuip 
Jemsalei 
Seft-kale 
BroMl 
Turnip 
SpinAoh 
Qreen* 


em  Artichoke 


Bmaaels  sprouti 
Asperiigas  .. 


Qreen  trtiohokes 
PeM^ 

Herioot  beens^ 
Lentib^ 
Petit  pois 
Baked  bee 


Unoooku)  : 
Cucumber   .. 
Radish 
Lettuoe 
Oeiery 
Tomato 
Potato 

Soarlet  runner 
Oabbage 
Beetroot 


Protein 


19-20 
17HK) 
17-80 

18-eo 

19-60 
18-70 
16-70 
27-30 
17-20 
16-40 
1610 
14-80 
18-60 
14-60 
19-80 


1-60 

1-60 
1-80 
0-60 
0-40 
1-20 
0-60 
0-10 
0-90 
0-10 
0-20 
1-80 
0-40 
210 
0-30 
0-30 
2-80 
2-60 
2-80 
2-10 
1-40 
2-90 
9-40 
4-60 
8-80 
4-30 
6-00 

0-50 
1-20 
0-60 
0-30 
1-00 
2-10 
2-30 
1-60 
IGO 


Fat  or 

£th€r 

gadroei. 


210 
1-80 

17-80 
9-10 
4-60 
7-10 
0-30 
0-30 
0-30 
0-70 
0-40 

14-40 
6-20 
1-70 
0-50 


0-10 

0-10 
0-20 
0-10 
0-10 
0-10 
0-20 

0-10 
0-10 
0-30 
0-10 
0-10 
0-30 
0-10 
0-20 
0-10 
0-20 
0-10 
0-10 
0-10 
0-20 
0-70 
0-60 
0-20 
010 
0-20 


010 
0-10 
0-10 
0-20 
0-10 
0-30 
0-60 
010 


Cofho- 


4-10 


18-70 

16-90 
2-00 
0-30 
2-80 
8-10 
3-40 
0-10 
0-40 
0-70 
1-40 
4-60 
0-30 
4-20 
0-60 
0-20 
4-70 
2-60 
4-30 
2-10 
7-80 
7-70 

23-10 
9-10 

20-50 
8-90 

21-70 


0-70 
0-70 
0-60 
0-70 
0-10 
24-40 
7-40 
6-80 
9-70 


am  lOO 


I-IO 

1-20 

lO-OO 

l-OO 

l-OO 

a-To 

I -20 


1-30 
0-70 

o-*o 

O-XO 
0-40 
0-60 
O-IO 
O-IO 
O-^O 

o-io 

O-IO 

o-eo 

0-20 
O-fiO 
0-30 

o-so 

0-30 

o-eo 
o-so 

0-70 

o-so 
i-io 
o-vo 

0-70 
0-70 

o-oo 

1-80 


0-30 
O-do 

o-so 

0-60 
0-70 
0-70 
0-80 

1-ao 
i-io 


•715 
46*4 
M-8 

40-e 
aD-7 
aoi6 
81 1> 
19^ 
18-7 
H-4 


84-1 

78rs 
lT-4 

0-8 

♦•a 

»7-l 
28rs      ' 


86^ 
84-5 


84*1 


88*e 
ao*! 

18*1 


Bought  dried. 


4S-3 

laa-T 

8D-T 
121-9 
^85*1 
110-8 

%-8 
8-7 
8-4 
8-1 

e-8 

108*S 

84-8 
47-a 


4-9 

1-8 

4-0 

111 

4-8 

o-a 

1-8 
1-8 
8-8 
7-7 
1*1 
81 
1-8 
0-8 
8-7 

e-4 

8-e 

5-8 
ll-O 
18-8 
GO^ 
17-1 
84-5 
15-7 
81^ 

1*4 
8-8 
1-8 
1-8 
1-8 

81-0 

18-0 
8-8 

18-8 


b- 
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Protein 

Fat  or 

Carbo- 

Mineral 

Calories 

Calories 

Nx  6-26. 

Ether 
Extract, 

h^aUs. 

Matter, 

in  100 
Orammes. 

in 
I  Ounce, 

VEGETABLE  FOODS. 

VegotablM— UiroooKiD : 

CUTOtB 

0-60 

0-20 

7-00 

1-00 

67 

1-9 

Vegetable  marrow 

0-60 

0-20 

2-60 

0-60 

14-8 

4-2 

1*80 

0-60 

4-70 

0-70 

31  "2 

9-0 

OnionB 

1-60 

0^ 

4-80 

0-60 

28-4 

81 

ParsnipB      . . 
JeniBalem  artiohokeB 

1-60 

0-60 

13-60 

1-40 

82*6 

19-0 

2-00 

0-60 

14-40 

1-10 

71-8 

20*6 

Sea-kale      .. 

1-40 



3-80 

0-60 

211 

6-0 

Turnip 

1*30 

0-20 

8-10 

0-80 

861 

121 

Spinach 

QrooD'poas  •  •         •  • 
Brocooli 

210 

0-30 

3-20 

2-10 

24-4 

7-0 

7-00 

0-60 

16-90 

1-00 

1027 

29-4 

3-80 

0-30 

3-90 

0-92 

33*2 

9*6 

Broaaels  sprouts     . . 

1-60 

0-10 

3-40 

1-30 

17-9 

6-0 

Asparagus  .. 

1-80 

0-20 

3-30 

0-70 

227 

8-8 

LeS          .. 

1-20 

0-60 

6-80 

0-70 

28*8 

9-9 

Qreen  artiohokes    . . 

4-80 

1-70 

9-00 

1-60 

72*4 

207 

Ptes  (dried) 
LflQtils  (dried) 

21-00 

1-80 

66-40 

2-60 

829*9 

941 

24-20 

1-40 

62-40 

2-60 

868-8 

106-2 

Sauerkraut 

1-40 

0-70 

2-80 

1-70 

237 

6-8 

Harioot  beans  (dried) 

230 

2-30 

66-80 

3-20 

844-4 

98-8 

Rhubarb     .. 

0-60 

0-10 

1-70 

0-60 

10*8 

2-9 

Braads. 

White  bread 

6-50 

1-00 

61-20 

1-00 

246*9 

70*4 

Brown  bread 

6-40 

1-80 

47-10 

110 

229-2 

66-6 

Qraham  bread 

8-90 

1-80 

6210 

1-50 

266*8 

76-8 

Hovis 

9-90* 

1-60 

42-30 

1-20 

228-9 

66-4 

Cytoe 
Manhu 

Bermaline   .. 

Daren 

8101 

48 

•30 

1-30 

281-1 

66-2 

7-201 
8101 
7-901 

48 

-90 

1-30 
1-90 
1-00 

280*0 
266-2 
214-9 

66-8 
72-9 
61-4 

1-70 

60-30 

44 

•60 

Cereals. 

CooKiT> : 

Rice 

013 

— 

16-90 

0-10 

697 

19-9 

Macaroni     . . 

6-60 

010 

27-90 

0-20 

188-2 

89-6 

Tapioca 

0-60 

— 

16-60 

0-10 

70*6 

201 

Scotch      \  (water) 
oatmeal/  (milk) 

3-70 

1-80 

18-60 

1-20 

1077 

80-8 

4-40 

2-10 

26-90 

1-60 

1487 

411 

Quaker  oats 

1-60 

0-30 

6-20 

0-20 

86*8 

101 

ProToet  oats 

2-00 

0-40 

900 

0-20 

46-0 

187 

Mother's  oats 

1-90 

0-40 

8-70 

0-20 

46-0 

181 

Semolina     . . 

1-90 

0-10 

7-20 

010 

88-8 

10-9 

Sago            ..         .. 

1-40 



9-30 

0-10 

44*4 

127 

Vermicelli    .. 

2-40 



10-80 

0-10 

64*4 

16*6 

Hominy 

2-80 

0-10 

9-90 

0-10 

62-8 

17-9 

0-30 

— 

610 

— 

26-2 

74-8 

Florador 

1-80 

— 

8-70 

0-10 

48-0 

12-8 

Farola  (fine) 

1-80 



7-80 

0-10 

40*8 

117 

Oranola 

2-60 

— 

9-40 

0-20 

40-1 

14-0 

Pearl  barley 

2-90 

0-10 

13-10 

0-20 

66-1 

16-8 

Oswego 

2-90 

— 

9-70 

0-10 

617 

14-8 

Uvoookbd: 

Scotch  oatmeal 

14*60 

10-10 

66-10 

2-10 

4207 

120-2 

Irish  oatmeal 

13-40 

8-80 

68-40 

200 

417-8 

119-2 

Quaker  oats 

14-70 

6-20 

69-80 

1-60 

404-2 

116*6 

1  Protein  Nx 6-7, 
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Protein 
N  X  6-26. 

Fat  or 

Ether 

Extract. 

Cofho- 
hydrates. 

Mineral 
MaUer. 

Calories 

in  100 

Orammes. 

n 
lOno. 

VEGETABLE  FOODS. 

Caroalft— Ukoookxd  : 

Carter's  oats 

12-90 

6-20 

76-00 

1-80 

428-2 

laot 

"H— 0"     .. 

13-80 

8-30 

67-20 

1-70 

407-8 

IIM 

Montgomerie's     fine 
oatmeal  . . 

IIOO 

6-80 

74-20 

1-70 

411-5 

\m 

Soot's  oat-flour 

10-00 

6-00 

77-90 

1-30 

406-9 

net 

RobinBon's  groats  . . 

11-30 

6-60 

70-40 

1-70 

806-8 

iiSt 

Rioe 

6-00 

0-10 

41-90 

0-30 

198-8 

&i 

Tapioca  (foreign)  . . 

0-00 

0-20 

86-90 

0-00 

858-1 

i(» 

Semolina 

11-00 

0-60 

75-80 

0-50 

886-6 

104^ 

Macaroni 

10-90 

0-60 

76-70 

0-30 

860-6 

loro 

Vermicelli   .. 

12-60 

0-80 

76-50 

0-30 

851-9 

100-5 

Hominy 

8-20 

0-60 

78-90 

0-40 

868-6 

mt 

Maizena 

0-60 

— 

84-90 

0-30 

850-8 

IQOD 

Robinson's      patent 

barley      . . 

510 

1-00 

81-90 

1-90 

886-0 

104'6 

Popcorn 

11-20 

6-20 

71-40 

1-40 

8871 

lire 

MTTiK  FOODS. 

Milk 

87-60 

3-50 

4-60 

0-70 

409-5 

116-5 

Whey 

0-80 

0-20 

4-60 

0-60 

83-8 

Ot   1 

Cream 

37-00 

22-60 

4-20 

0-60 

848-0 

OBI 

Cream  heavy  by  oen- 

Cream  liffht  by  oen- 

— 

42-00 

6-30^ 

— 

415-7 

iiro  1 

trifogal  separator 



13-80 

8-20* 

— 

161-9 

•22 ' 

Butter 

1-70 

86-80 

0-20 

1-90 

805-6 

^1  1 

Butter-milk 

3-00 

0-60 

— 

4-80 

16-8 

4-8   ' 

Margarine   .. 

1-30 

82-70 

— 

6-70 

T74-8 

W2 

Koumiss    (alcohol 

l'^f 

2-20 

2-10 

1-50 

0-90 

88*8 

101 

GheoM. 

American    . . 

32-90 

3100 

— 

4-50 

488-1 

laon 

Brie 

18-90 

26-80 

— 

4-60 

82915 

94tl 

'  Camembert 

21-00 

21-70 

— 

4-40 

888-1 

82-3 

Cheddar 

33-40 

26-80 

— 

4-30 

886-1 

1101 

Cheshire 

29-40 

30-70 

— 

3-90 

405-1 

list 

Creiun 

8-60 

35-90 

— 

4-30 

860-8 

105-5   1 

Dutch 

30-80 

17-80 

— 

1-60 

291-5 

83-2  1 

Gloucester  .. 

36-70 

24-70 

— 

6-30 

880-5 

106-8 

Gorgonzola.. 

26-90 

26-90 

— 

4-40 

86615 

102-2  1 

Gruy^re 

31-50 

28-20 

— 

4-70 

890-8 

111-2  1 

Neuchatel    .. 

14-30 

43-20 

— 

1-40 

460-6 

ISlt  ! 

Parmesan    . . 

43-80 

16-50 

— 

5-90 

829-5 

94D  1 

Roquefort   . . 

34-80 

31-60 

— 

6-60 

485-5 

121-5 

Stilton 

23-90 

28-90 

— - 

3-10 

460-9 

181-2 

EGGS. 

Hen's,  raw  . . 

14-80 

10-60 

— 

1-00 

159-5 

46t 

„    boUed 

13-20 

12-00 

— 

0-80 

140*9 

48-0  1 

,.    white,  boiled 

12-30 

0-20 

— 

0-60 

52-1 

15-8  1 

„    yolk.  boUed  . . 

15-70 

33-30 

— 

1-10 

878-4 

1065  1 

„    white,  raw    . . 

12-60 

0-20 

— 

0-60 

58-5 

15-6 

,.    yolk,  raw 

16-20 

31-70 

•~~* 

1-10 

861-5 

lOB-4 

^  SolidB-not-£at. 


^  Aloohol  value  not  included  in  calories. 
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Ptoiein 
Nx  6-26. 

Fat  or 

JBiher 

Btkrati. 

Mineral 
Matter. 

Calariea 

ill  100 

Grammes. 

Calories 

in 
I  Ounce. 

Egg  snbititute  powders. 

Bird'B  oostard  pow- 

der          ..         .. 

0-60 

-~ 

— " 

0-40 

2-8 

0-6 

Goodall's  ovstord 

poirder    . . 

0-60 

— 

— 

0-40 

2*8 

0-6 

Goodall'B  egg  pow- 

600 

_^ 

_ 

2-90 

28-6 

8-4 

Borwick's  egg  pow- 
der^ 

200 

_ 

-.^ 



11-9 

8-4 

Yeatman'B  egg  pow- 
der^        .... 

6*00 

_ 

_ 

28-6 

8-4 

Model  egg  powder  . . 

5-10 

— 

— 

— 

rs-a 

\21-9 

8-8 

6-a 

ABTHTOTAL  FOODS. 

Bael  extraetSy  eto. 
Lemoo 

16-60 

4410' 

21-50 

246-6 

71-0 

Bovril  (invaUd's)  .. 

16*50 

_ 

45-30' 

16-30 

261D 

74-8 

BoTTil 

12-20 

.^ 

31-70' 

17-90 

180D 

51-4 

Brand's  easenoe 

11-40 



— 

1-40 

46-1 

1811 

Valentme  beef-juice 

9-60 

— 

ll^O* 

10-80 

85-8 

24-6 

Brand'B  meat-juioe 
Liptoa'B  fluid  beef 
Burgoyne  meftt-juioe 

15-40 

_ 

16-60' 

8-80 

189-0 

891 

22-10 



18-70' 

16-20 

167D 

47-0 

1300 

— 

810' 

14-20 

86-4 

24-7 

Wyeth  meat-juioe  . . 

38-00 

-^ 

— 

17-10 

1561 

44-8 

Armour's  beef -juice 

8-30 



9-60' 

7-50 

73-0 

20-8 

Puro 

30-30 

— 

1910' 

9-70 

202-5 

57-6 

Boef  powder. 

Moequera    . . 

77-00 

13-00 

— 

*~" 

828-5 

92-8 

PATENT  FOODS. 

Aleuronat    .. 

85-00 

_i» 

— 

— 

— 

.— 

Flasmon 

74-10 

0-30 

7-30 

8-50 

886-6 

96-8 

TiUa 

76-40 

0-10 

5^70 

9-20 

889-1 

96-9 

Benger's  food 
Benger's  food,  cooked 

10-20 

1-20 

79-50 

0-80 

878-9 

106-8 

as  directed 

2-10 

2-80 

8-20 

0-80 

66-8 

18-9 

Mellin'B  food 

7-90 

— 

82-00 

3-80 

868-7 

106-8 

food 

10-30 

1-40 

83-20 

0-60 

896-3 

118-2 

Allenbury's\No.l.. 
food         /No.  2.. 

9-70 

20-00 

60-80 

3-70 

475-0 

185-7 

9-20 

15-00 

69-10 

3-50 

460*6 

181-6 

FRUITS. 

Apples' 

0-40 

0-50 

14-20 

0-30 

68-8 

181 

Apricots'    .. 

110 

13-40 

0-60 

50-5 

17-0 

Bananas' 

1-30 

0-61 

22-00 

0-80 

101-5 

29-0 

Blackberries 

1-30 

1-00 

10-90 

0-50 

59-5 

17-0 

Cherries'     . . 

100 

0-80 

16-70 

0-60 

80-5 

aro 

Cranberries 

0-40 

0-60 

9-90 

0-20 

46*2 

18-8 

Figs 

1-50 



18-80 

0-60 

84-0 

24-0 

Grapes'       ..         .. 

1-30 

1-60 

19-20 

0-50 

96-8 

281 

Lemons' 

1-00 

0-70 

8-50 

0-60 

45-5 

18*0 

Nectarines'.. 

0-60 

15-90 

0-60 

67-2 

19-2 

Oranges'     .. 
Peim? 

0-80 
0-60 

0-20 
0-50 

11-60 
14-10 

0-60 
0-40 

62-5 
64-4 

15-6 
16-4 

^?"'':: 

0-40 
0-90 

0-30 

9-70 
18-90 

0-30 
0-60 

48-4 

81*5 

12*4 
28-8 

^  All  contain  baking-soda. 
'  Extractives  and  non-nitrogenous  matter. 
TOL.  m. 


Sdible  portion. 
82 
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FRUIT8. 

RMpbenui^ 

Stnwboi  1  utr 
Waler-mekns' 

DsfSD: 

Gumnti  (Zftole) 

Fte 

lUMins 

NUTS. 
Gbestnvti,  fresh     . . 
Faftnnti 
Walmiti.  fresh 
FUberts,  fresh 
Sireet  almondi 
OoooMiiats,       fleshy 
pMt 

FONOL 
Mushroom  {Agancua 

campukii) 
GhMitenUe  {CatUka- 

rtU%$  dbarnu)    .. 
Truffles 

Laektnu$  ddieiotu$ 
Sdibla  boletus 


8UOAB8  AKD  SWEET- 
MEATS. 
OMie-sagsr . . 
Beet-so^  .. 
Mftpfe-sngar 
T^toMla 
Honey 
Toffee 

OhoooUto    . . 
Jam  (home*msde) 
Jam  (oommeroisl)  .. 

BEVERAGES.^ 


MO 
26-80 

8-00 
24-00 

6^ 


2^ 

1-20 
6-10 
1-90 
8-70 


8-00  46-20 

88-80  24-40 

81-80  9-40 

28-60  11-60 

64H)0  I    lOKK) 


86-90 


0-80 

OHIO 
0^ 
0-40 
0-64 


Fry-s^ 
Vmi  Hoaten's  ooooa 
Epps's  wepsMd 
Trinidad  ubs  o< 


08flM. 

Mooh*.  raw 

M       roasted 
East  Indian,  raw  . . 
roaated 

Tai. 

Oongon 
Tomig  H  jraon 
CSiinese  (onaap  black) 


1*80 
12-90 


19-70 

20-60 

6-70 

18-20 


9-90 
11-20 
11-20 
13-10 


17-90 
17-80 
22*00 


48-70 


26-80 
28-00 
1610 
60-40 


12-60 
13-60 
11-80 
13-40 


8-40 


1-20 

610 
8-02 
4-60 
4-66 


93-30 


82-80 
69-70 
73-90 
61-00 
80-30 
20-00 
80-00 


43-20 

39-70 

71-80 

8-30 


10-30 
6-00 
9-90 
1-80 


2-60 
8-70 


1-70 
2-00 
1-70 
1-60 
3-00 

1-00 


0-30 

1-20 
2-00 


5eDD         16011 
881-6         two 

MiH    I    188^ 


1 


888^ 


18-7 

31-4 
65-8 

89*9 
88-6 


1-30 

2-60  8171) 

—  8891 

3-40  285'9 


0-10 
2-20 


6-90 
8-80 
1-60 
2-70 


3-70 
4-60 
4-00 
4-90 


6-30 
6-10 
5-90 


877D 
850D 
888-1 
81-9 
laSD 


486-6 
807-4 
488-4 

647-9 


198-9 
198-8 
186-4 


84-1 
87-8 
90-8 


111-8 


8-8 

8-9 
15-7 


1091 

108-8 
98-9 
81-8 

108-8 
71-8 

178-8 
88-4 
84-9 


141-8 
144-9 

188-8 
156-8 


571 
661 
66D 
51^4 


81-9 
867 


Sold  as  dry  anbstanoe  lor  use. 


>  Edible  portion. 
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AUn^ahy 

Ahohaby 

Prtdein 

Cofhohy- 

Mineral 

Volume, 

W»ghi. 

Nxe. 

diraUB. 

MaUer, 

BEYERAQES. 

Bmn. 

VwOmt 

Om* 

B»Tarian  winter 

8-2 

2-5 

0-8 

8-3 

0-2 

B»Tarian  Bnnuner 

3-7 

2-9 

0-4 

6-2 

0-2 

Munich  Hofbran 

3-7 

2-9 







Spatenbran 
Iliflener 

8-2 
3-4 

2-5 
2-7 

6^ 

— 

oi 

Munich  Bookbier 

3-4 

2-7 

0-4 

0-9 

0-3 

Encliah  ale  and  porter  . 
Berlin  white  beer 

4-9 
3-9 

3-9 
31 

0-5 

0-8 

0-3 

Allsopp'B  lager 
GninesB'B  Dublin  stout 

6-4 
6-6 

4-3 
4-4 

p-4 

6-4 

0-8 
0-3 

6-4 

Oden. 

DeTonshire  (home-mad< 

i)          6-0 

4-8 

l-fiO* 

— 

Cider 

3-4 

2-7 

811 

0-3 

Champagne  perry 

1-8 

1-4 

1101 

0-3 

Wlnet. 

' . 

Hock  (three  Bamplee)  . 

12-1 

9-7 

— 

0-1 

0-2 

Claret  (three  sampleB)  . 

12-1 

9-7 

— 

0-2 

0-2 

Hungarian  wine   (thre 

le 

samples] 

12-6 

10-1 

— 

0-1 

0-2 

Greek       wine       (thrc 

le 

samples] 

15-4 

12-3 



0-2 

0-8 

Sherry  (three  samples) 

22*2 

17-8 

— 

30 

0-6 

Madeira  (two  samples) 

22-2 

17-8 

— 

1-8 

0-4 

F^irt  (three  samples)    . 
Marsala  (two  samples) 

22-6 

181 

— 

2-6 

0-2 

211 

16-8 

~— 

3-6 

0-3 

SoUds. 


THK  PURIN  CONTENT  OP  CERTAIN  FOODS. 


FislL  Kg. 

Cod 0-50 

Piaioe           0-70 

Salmon        1*10 

Halibut        1-00 

Meat. 

Beef 110-2-00 

Mutton        0-96 

Veal MO 

Ptork 1-20 

Ham 1-10 

Chicken        1-20 

Vsgetftbles. 

Potatoes 0-02 

Rice — 

Hour           — 

Btoad           — 

Oatmeal       0-53 

PteB 0-39 

Leatils         0-38 


Qm-per 
Kg. 

Beans  (haricot) 0-63 

Asparagus 0-21 

Cabbage — 

Lettuce        — 

SpMial  Foodi. 

Ifilk — 

Butter  — 

BeveragM. 

Laager  beer  0-12* 

Ale 0-14 

Porter  0-16 

Tea  (methyl-pnrin),  per  cup        . .  1-20- 

Coooa  „  ,.  ..  1-00 

Caiooolate  ..  0-70 

Coffee  t.  M  ..  1-70* 

Oaret  — 

Sherry         — 

Brandy        — 

84-2 
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AB80BFnov>  blood  diaeaaea  and,  394 
ohildhood  and.    See  Childhood 
oirrhoeis  of  liver  and,  276 
diabetes  inBipidus  and.  1285 

meUitus  and,  622 
from    inteetine.    See    Inteatinal    ab- 

sorption 
gaatrio  cancer  and,  802 

motor  insufficiency  and.  181 
secretory  disofders  and,  178, 180 
Tenons  congestion  and.  333 

8>ut  and,  653 
raves'  disease  and,  1000 
light  and,  1214 
myxoddema  and,  989 
obesity  and,  705 
of  fat.    See  Fat  absorption 
pancreatic    secretory   diaordera   and, 

199 
renal  disease  and,  438 
Aiwtanilide  and  protein  metabolism,  1095 
Aoetio  acid,  blooa  diseases  and,  392 

fermentation  in  stomach,  185 
Aoeto-acetio   add.    See   Acetone   bodies. 

Acidosis,  Ketonuria 
Aoetone  bodies  in  fever,  158 

in  saliva  in  diabetes,  621 
in  starvation,  47 
sooroe  of,  586 
poisoninff,  c^yoosoria  in,  1098, 1099 
Aoetonnria,  blood  diseases  and,  3(K2 
chloroform  and,  1150 
epilepsy  and,  221 
ether  and,  1151 
Graves'  disease  and,  1000 
nervons  dinoBSCo  and,  1256 
obesitv  and.  711 
phospnoms-poisoning  and*  1127 
Aoblorhvdria  ana  cancer.  798 
and  gastric  digestion.  171 
Aoholia,  194,  240 
Aehylia  gastrica,  170  sf  seg. 
absorption  in.  179 
intestmal  functions  in.  172 
urine  in,  177 
Acidity  of  urine,  chloroform  and,  1150 
Acidosis  in  childhood,  861,  882 
in  diabetes,  597  ct  teq. 

mineral  waters  and.  947 
in  phlorizin  olycosuria,.  1196 
Aoid  pEoduction  m  fever,  158 
Adds,  glycosuria  cauaed  by,  1068 


Adds,  metabolism  and  influence  of,  1066 

protein  metabolism  and,  1068 

respiratory  exchange  and,  1068 
Acfomeaaly,  1017 

diabetes  and,  565 
Acute  yellow  atrophy,  285 
blood  in,  293 

protein  metabolism  and,  286 
urine  in,  287 
Addison's  disease,  1019 
Adrenalin,  c^ycosuria  after,  1181 
Ahydxochloria  and  cancer,  798 
Alanin  excretion  in  phosphorus-poisoning* 

1123 
Albumin  of  blood  in  renal  disease,  497 
Albuminates  and  diabetic  glycosurias^  682 
Albuminuria,  474 

baths  and,  976 

Bence-Jones.  in  mydomatosis,  1272 

biliary  stasis  and,  271 

blood  diseases  and,  391 

cancer  and,  820 

carbon  monoxide  poisoning  and*  1092 

cardiac  diseases  and,  342 

ohildhood  and,  877 

OTdic,  470,  471 

diabetes  and,  608 

diet  and,  475 

functional,  470,  471 

gastric  disorders  and,  178 

Sut  and,  684 
•aves'  disease  and,  1000 
morphine  and  allied  poisons  and,  1098 
myzcadema  and.  988 
nervous  diseases  and,  1255 
obenty  and,  710 
pulmonary  diseases  and,  342 
renal  diseases  and,  468  6(  seg. 
starvation  and,  53 
Albumose  in  blood  in  leuchamia,  406 

in  renal  disease,  499 
Albumosuria,  acute  ydlow  atrophy  and. 


bums  and,  762 
cancer  and,  820 
dnhosis  of  the  liver  and,  280 
gastric  disorden  and,  178 
«mtand,684 
miection  and,  116 
nervous  diseases  and,  1255 
renal  disease  and,  473 
Aloohd,  alkalinity  of  blood  and,  1154 

1299 
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Alodhol,  diabetic  dyoosurift  and,  682 
C^yoosmi*  and.  640,  682, 1163 
overfeeding  and,  04 
lespiratory  exohao^  and,  1163 
urio  aoid  exdetion  in  sont  and,  602 
Aloohbliflm,  c^yooeoria  in,  640 
Alexin  of  blood,  Rdntgen  rays  and,  1220 
Alimentary  alyooeiiria.    See  Olyoosiiria 
laotosnna.  738 

Ivrnlosniia,  718.  See  alec  LnrnloBiiria 
ozaluria,  1048 
pentosuria,  726 
tozinee  in  childhood,  860 
tract  in  childhood,  837 

in  fever,  104,  106 
Alkalinily  of  blood,  alcohol  and,  1164 

alkali  ingestion  and,  1070 

blood  diseases  and,  410 

blood  poisons  and,  1090 

cancer  and,  809 

cardiac  diseases  and,  338 

chloroform  and,  1161 

ether  and,  1162 

testing  and,  32 

minenl  waters  and,  937 

obesitT  and,  708 

psraldTehyde  and,  1162 

phosphoms-poisoning  and,  1121 

polmonacy  ainoaiies  and,  338 

renal  disease  and,  486 

skin  diflOQBoo  and,  772 

starvation  and,  32 
Alkalis,  absorption  of,  in  childhood,  800 
blood  reaction  and,  1070 
carbohydrate  metabolism  and,  1074 
protefai  metabolism  and,  1072 
respiratory  exohanfle  and,  1071 
urine  and,  1074.    See  also  Urine 
AlkapUmnria,  1030, 1038 
diagnosis,  1043 
oohronoais  and,  703, 1038 
protein  metabolism  and,  1039 
theory,  1039 
izeatment,  1044 
Amido-acids,  excretion  of,  blood  diseases 
and,  380 

childhood  and,  872 

diabetes  and,  007 

gout  and,  081 

hot  baths  and,  970 

phosphonu-poisoninA  and,  1123 

renal  disease  and,  4w 
in  ascitic  fluid  in  Banti's  disease,  407 
in  blood  in  blood  diseases,  407 
Ammonia  excretion,  acute  yellow  atrophy 
and,  287 

alkalis  and,  1076 

baths  and,  970 

blood  diseases  and,  384 

cancer  and,  810 

cardiao  disease  and,  342 

childhood  and.  800 

relation  to  acidosis,  883 

cirrhosis  of  liver  and,  278 

diabetes  meUitosand.  098, 003 

gout  and,  081 

Ghraves'  disease  and.  1000.  1002 

hot  baths  and,  970 

infeotioa  and,  107 


Ammonia  excretion.  minenJ  waters  al 
948 

polmcnary  diseaewi  and,  343 

renal  diseasw  and.  449»  509 

skin  diseases  and,  702 

starvatioa  and.  34.  36 
of  blood  in  diabetes  meUitoa.  616 

in  starvation,  33 
Amykne  hydrate.  1162 
Am^  nitrite  poisoning,  glycogen  loss  and* 

slyoosiiria  and,  1006 
nipjpnrio  aoid  f onnatiai&  and,  1007 
lactic  add  excretioQ  and,  1090 
Anawnia.    See  Blood  diseases,   diknais* 

Hwmonhage,  Ftenicions  anmmift 
Analysis  of  f ood-stoflEi.  1290 
Anilin-poisoning,  c^yoosnrta  in,  1096 
Ankylostomiasis,  protein  metabolism  ia» 
302 
sulphur  excretion  in,  388 
mea  excretion  in,  3^ 
Antifefarin,  1102 
Antimony-poisoning,  1140 
Antipyrin,  carbohydrate  metabolisni  and. 
1102 
protein  metabolism  and,  1095.  1161 
respiratory  exchange  and,  1157 
urine  and,  1102 
Antithyroid  serom,  997 
Antitoxic  fmiotlon  in  liver  diseases,  296 
Appetite  in  diabetes  meUitos,  021 

in  obesity,  706 
Arabinose,  72» 
Aio-li9htbatii8.1212 
Arginm  excretion  in  phosphoros-poiBonii^ 

Aromatic  acids,  acate  yellow  atrophy  and, 
292 
blood  diseases  and,  392 
bodies,  nrinary,  in  cancer,  818 
sulphates,  alkalis  and.  1070 
mineral  waters  and,  923 
skin  diseases  and,  760 
Arsenic  hi  thyroid  jdand,  1010 

poisoning.  113o 
Arsenical  waten  and  htemopoiesis,  936 
Arseniuretted  hydrogen  and  alkalfni^  of 

blood,  1090 
Arthritis  deformans,  caloiom  metaboliaB 
in.  1209 
phosphoms  metabolism  in.  1209 
nrotttn  metabolism  in,  1203 
Assimilation  of  food  in  fever,  100 
Asthma,  dyspeptic.  188 
Atony,  gastric.    See  Motor  insolBoieDoy 
Atrophy,  infsntile.  880 
Aimine.  1179 
AntolyBis  of  liver.  290 
AiotoahoBa.  202 


Baeoa.  analyses  snd  calorific  values.  1290 
Bacteria,  li^t  and.  1201 

motiUW  of ,  1206 
radium  and.  1220 
BOntoen  rayi  and.  1220 
Banti's   dnease.   amido-acids   tn 
fluid  of.  407 
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Banti'B  diBeaae,  protein  metabolism  in,  303 

pnrin  exotetion  in,  369 
Baaedow'B  disease.    See  GraTes'  disease 
Baths,  allraminaria  and,  076 
aro-liflht,  1212 
beoMM  oxidation  and,  074 
Uood  and,  078 
brine,  072 
carbooi  dioxide,  073 
oold,  068 

gastric  secretion  and,  077 
fflyoosniia  and,  076 
nasmoglobinuria  and,  076 
heat  regulation  and,  068  d  segf. 
h9t,066 

incandescent,  1211 
intestinal  secretion  and,  077 
local  effect  on  metabolism,  077 
mnd,  074 
mostard,  071 
radio-actiye,  074 
sea,  072 
stimulating,  071 
solphnr,  074 
son,  1210 

sweat  secretion  and,  076 
tejpid,  071 

nnnaiy  excretion  and,  075 
Beoqnerel  rays,  influence  on  testes,  1233 
Beef,  analyses  and  calorific  yalues,  1200 

pnrin  content,  1207 
Beer,  analyses  and  calorific  Talues,  1207 

purin  content,  1207 
BciDkoe-Jones    albumin    in    myelomatosis, 

1272 
Benzoic   acid,   influence   on  metabolism, 

1173 
Bier  treatment,  078 

Bile  adds,  acute  yellow  atrophy  and,  203 
biliary  stasis  and,  260, 260 
bradycardia  and,  262 
dhobsmia  and,  2^ 
hnmolvtic  action  of,  260 
bactericidal  power  of,  107 
blood  diseases  and,  304 
fever  and,  166 

pigment,  acute  yeUow  atrophy  and. 
203 
biliary  stasis  and,  240, 260 
cardiac  diseases  and,  330 
lawal,  in  childhood,  848 
pulmonary  diseases  and,  330 
urinary,  in  childhood,  875 
production  in  biliary  stasis,  239 

in  cirrhosis  of  fiver,  276 
secretion,  disorders  of,  104 
stagnation,  108,  230  et  segf.    See  also 
Jaundice 
intestinal  functioDS  in,  105, 107 
starvation  and,  24 
Blood,  alkalinity  oi    See  Alkalinity 
baths  and,  078 
chdiin  in.  1253 
diseases,  absoorption  in,  304 
acetic  acicl  in,  302 
acetonnria  in,  302 
albuminuria  in,  301 
albumosuria  in,  301 
amido-acids  in,  386 


Blood  diseases,  ammonia  excretion  in,  384 

aromatic  acids  in,  302 

bile  in,  304 

blood  in.    See  below 

chlorides  in,  374 

oreatinin  in,  386 

digestion  in,  303 

ei^hrocytes    in.    See    Erythro- 
cytes 

feces  in,  305 

fat  decomix)sition  in,  308 

fat  deposition  in,  353 

fatty  acids  in,  302 

formic  add  in,  302 

gaseous  exchange  in,  350 

gastric  secretion  in,  303 

glycosuria  in,  301 

hadmolytio  action  of    serum  in» 
418 

hippuric  add  in,  302 

indican  in,  387 

intestinal  decompodtion  in,  300 

iron  in  urine  in,  300 

lactic  add  in,  302 

leucin  in,  386 

mineral  metabolism  in,  374 

nitrogen  excretion  in,  383 

nitrogenous  extractives  in,  385 

nudeo-albuminuria  in,  301 

nudeo-histone  in,  301 

oxalic  add  in,  302 

phenol  in,  388 

phosi»hates  in,  375 

protein  metaboliam  in,  355 

ptomaines  in,  386 

pivin  bodies  in,  365 

skin  in.    See  Skin. 

sulphates,  ethereal,  in,  388 

sulphur  excretion  in,  355 

tissue  chemistry  in,  417 

toxidty  of  serum  in,  418 

^^rosin  in,  386 

urine  in,  381.    See  also  Urine 
riyouronic  add  in,  728 
m  acute  yellow  atrophy,  203 
in  Uood  diseases,  400 

albnmoses  of,  406 

amido-acids  in,  407 

chemistry  of,  400 

dry  reddrae  of,  402 

fat  in,  408 

fibrin  of,  405 

globulins  of,  405 

glycogen  in,  408 

mmerals  in,  410 

organic  adds  in,  400 

osmotic  concentration  of,  400 

oxygen  capadty  of,  416 

protein  of,  403,  406 

decomposition  products,  406 

spedflo  gravity  of,  ^1 

su^  in,  408 

nnc  acid  in,  408 

xanthin  bodies  in,  407 
in  cancer,  805 

alkalinit3r,800 

amylolytio  power,  810 

chlorides,  810 

dry  reddue,  806 
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Bbod  in  oanoer.  hmmotyUo  poww.  810 

osmotio  ptoMore,  810 

phosphfttee,  810 

proteimi,  806 

tpeoiflo  tamwitjp  806 

Bogv,  810 

tozioitir,  810 
in  eaxdifto  oiseaae,  834 
in  oiiriiosiB  of  liver,  277 
in  diabeteB  meUitus,  614 

insipidQB,  1286 
in  iMimg.    See  Ikating 
in  feWt  118 
in  gaatric  motor  disorden,  181 

eeoretory  disorden*  176 
in  ffoat*  678 

in  Grayes'  disease,  1001 
in  infection,  118 
in  jwmdioe,  250 

bile  aoidB  in,  260 

bile  pigments  in,  259 
inmyxoBaemA,  080 
in  nerroos  dtsesses,  1253 
in  obesity,  706 
in  oeteomalftoia,  1271 
in  pulmonary  diseases,  334 
in  renal  disease,  482 

albomoses,  400 

alkalinity,  486 

ammonia,  400 

chlorides,  491 

oonoentration,  482 

oreatin,  401 

eleotrical  resistanoe,  404 

fat  content,  600 

fibrin,  408 

**  filtcate  "  nitromn,  486 

ireedng-point,  4^2 

morphology,  484 

potassium,  401 

proteins,  407 

purins,  400 

seroohrome,  400 

sugar,  490 

toxicity,  404 

urea,  486,480 

uric  acid,  480 

▼isoosit\%408 
in  rickets,  1272 
in  skin  diseases,  766 
in  starvation.    See  Starvation 
intestinal  decomposition  and,  210 
li^t  and.  1212 
mmeral    waters    and.    See    Mineral 

waters 
Bdntgen  rays  and,  1224 
nrio  acid  in,  in  gout,  667, 660 
Body*weight  in  starvation,  20 
Bonz,  1063 
Boric  acid,  1083 

Bothriooephahis   an«mia,   absorption   in, 
396 

indican  in,  387 

protein  metabolism  in,  361 

uric  add  excretion  in,  367 
/9-oxybutyric  add.     See  Acetone  bodies, 

Ketonuria 
Bradycardia,  bile  acids  and,  262 
Bradyuria.  1283 


Breads,  analyBes  and  ealorifio 
pnrin  content,  1287 

Brine  baths,  078 

Bronudea  in  skin,  780 
meUbolism  and.  1064 

Bromine  metaboUsm  in 
1256 

Bronzing  in  diabetes,  781 

Boms,  aUnunosnri*  in,  76S 
erythrocytes  in,  767 
toxidty  of  urine  in,  764 

Bu^rrio  add  fermentation  in 


1» 


of  cancer,  811, 812 
Cbffdne,  1175 

Galdum'^bsorptaon  in  childhood,  860 
arthritis  aefiormans  and,  1200 
blood  diseases  and,  375 
excretion  in  renal  disease,  406 

in  starvation,  44 
myxoBdema  and.  068, 080 
osteomalada  and,  1263, 1270 
rickets  and,  1267. 1270 
tetany  and,  867 
Oalouli,  urinary,  and  mineral  waters,  044 
Oalorific  Tslues  of  food-stuifo,  1290 
Gbmoer,  707,  811 

aohloriiydria  in,  798 
Uood  in,  805.    See  also  Blood 
cachexia  of,  811,  812 
digestiTe  processes  in,  798 
erythrocytes  in,  805 
experimental  data,  824 
gastric,  absorption  in,  802 

autolysis  in,  801 

decomposition  processes  in,  802 

lactic  add  in,  Si)2 

motility  in,  801 
hsmodobin  in,  806 
intestmal  digestion  in,  803 
leuoocytosis  in,  808 
protein  deoompodtion  in,  813 

metabolism  in,  813 
specific  fi»ctor  in  metabolism,  820 
urine  in,  815 

acetone  bodies  in,  810 

albumoses  in,  820 

amido-adds  in,  820 

smmonia  of,  816 

aromstio  bodies  of,  818 

chlorides  of,  817 

lactic  add  m,  810 

minerals  of,  818 

nitrogen  distribution  in,  816 
extractives  in,  816 

peptones  in,  820 

phcs^tes  in,  817 

protemsin,  820 

sulphates  in,  818 

toxidty  of,  820 

uric  sctd  of,  816 

urobilin  in,  818 
Osne-BUflsr.    See  Saccharose 
Oanthandes-poisoning,  1144 
Carbohydrate  absor^bkm  in  childhood,  857 
deoompodtion  m  stomach,  185 
metabolism,  alkalis  and.  1674 

antipyrin  and,  1162 

fever  and,  135. 136 
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CSirbohydiftte  metolM^m,  nsrootioB  and 
hypnotios  and,  1147 
nerrouB  dwnwaB  and,  1251 
phosphonu-pouoningand,  1112 
thyroid  gland  and,  1003 
OarbohydrateB  in  diabetio  urine,  571 
Oarbolic  add.    See  Phenol 
CSarbon  dioxide  baths,  073 
CSarbon  monoxide  poisoning,  1086 
albuminuria  and,  1002 
blood  gases  in,  1066 
fflycosuria  and,  1091 
lactic  acid  excretion  in,  1090 
minerals  in,  1090 
nitro^^  excretion  in,  1090 
protem  metabolism  and,  1069 
respiratory  exchange  and,  1088 
CSarcinoma.    See  Ouicer 
CSardiac  diseases.    See  Circulatory  diseases. 

Heart 
CSsstration  and  obesity,  701 
Oatatonia,  energy  exchange  in,  1245 
in  metabolism  in,  1248 
foods,  analyses  and  calorific  Talues, 
3,1294 

Cerebro*Bpinal  fluid,  cholin  in,  1254 
pressure  of,  1254 
protein  content  of,  1254 
Chalybeate  waters, 

oastric  fimotions  and,  917 
hiBmopoiesis  and,  935 
Cheese,  analyses  and  calorific  Tallies,  1294 

purin  content,  1297 
Chemical  composition  of  tissues  in  child- 
hood, 834 
auldhood,833 

absorption  in,  852 
acidosis  of,  861,  882 
alimentary  functions  in.  837 
alkali  absorption  in,  860 
ammonia  excretion  in,  860 
calcium  absorption  in,  859 
carbohydrate  absorption  in,  857 
chloride  absorption  in,  862 
chloride  retention  in,  868 
chlorine  deficiency  in,  888 
energy  exchange  m,  878 
feces  in,  844 
fat  absorption  in,  856 
fat  excess  in,  882  el  nq, 
flesh  formation  in,  76 
food  and,  837 
disorders  of,  882 
oastric  functions  in,  838 
hydrochloric  acid  secretion  in,  838 
infectiye  diseasfiw  of,  881 
intestinal  decomposition  in,  845 

processes  in,  843 
iron  absorption  in,  868 
lactic  acid  in,  838 
liyer  functions  in,  843 
mineral  absorption  in,  857 

metabolism  of,  867,  874 
nitrogen  deficien<r7  in,  888 

excretion  in,  873 
nutritional  requirements  of,  878 
pancreas  in,  843 
pepsin  secretion  in,  841 
phosphorus  absorption  in,  862 


Oiildhood,  protein  absorption  in,  852 
metabolism  in,  864 

rennet  ferment  in,  841 

respiratory  quotient  in,  869 

sahya  in,  838 

uric  acid  infarct  of,  878 

urine  in.    See  Urine 

water  absorption  in,  868 
Chloral  hydrate,  1148 
Chloralamide,  1148 
Chlorates,  glycosuria  and,  1096 

jwotein  metabolism  and,  1095 
Chlorides,  absorption  in  childhood,  862 

deficiency  in  childhood,  888 

in  blood  diseases,  374,  398, 410, 417 

in  cancer,  in  blood,  810 
in  urine,  817 

in  childhood,  868,  888 
absorption  of,  862 
nitrogen  excretion  and,  873 

in  chloroform  narcosis,  1148 

in  diabetes  insipidus,  1287 
mellitus,  613 

in  feyer,  163 

in  Grayes'  disease.  1001, 1002 

in  myxosdema,  988  .•^^    : 

in  neryous  diseases.  1255 

in  phosphorus-poisoning,  1128 

in  pneumonia,  343 

in  pyroffallol  poisoning,  1096 

in  renu   disease,  excretion  of,  [461 

Sf  Mff. 

in  blood,  491 

cadema  and,  464, 492 

uramia  and,  466 
in  skin,  786 
in  staryation,  40 
in  syphilis,  766 

in  toluylenediamine^isoning,  1096 
oedema  and,  464,  492 
thyroid  feeding  and,  993, 1002 
urinmia  uid,  466 
Chloroform,  acetonuria  and,  1150 
addity  of  urine  and,  1160 
alkalinity  of  blood  and,  1151 
bilimbinuria  after,  1148 
chloride  excretion  and,  1148 
delayed  poisoning  by,  1151 
fatty  changes  and,  1151 
^ycosuria  after,  1150 
phosphorus  excretion  and,  1148 
protein  metabolism  and,  1148 
sulphur  excretion  and,  1148 
urobilinuria  after,  1148 
Chlorosis,  absorption  in,  395 
blood,  dry  residue  of,  402 

iron  of,  412 

oxygen  content  of,  416 

protein  of,  403,  405 

specific  grayity  of,  401 
chlorides  in,  374 
constipation  in,  399 
gastric  acid  secretion  in,  393 

motility  in,  181 
indican  in,  387 

intestinal  decomposition  in,  219,^399 
iron  of  feces  in,  398 
phosphates  in,  375 
protein  metabolism  in,  363 
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ChloroeiB,  reBpiratory  exchange  in,  361, 362 
urea  in.  383 
nrio  aoid  in,  368 
nzinary  pigniente  in,  382 
CSiolamia,  264 
diolflsterin.  failiarr.  266 
Gholin  in  blood,  1263 

in  oerebro-spinal  fluid,  1264 
Ghrominm  poisoning,  1144 
Oder,  analysee  and  oalorifio  valaea,  1297 
GlnmlaAQiT  disease,  304 
Uoodin,  334 
digeatiye  organs  in,  332 
protein  metabolism  in,  328 
respiratory  exchange  in,  316,  322 

quotient  in,  3& 
urine  in,  339.    See  also  Urine 
Giiriioais  of  liver,  272 
absorption  in,  276 
bile  secretion  in,  276 
blood  in,  277 
gastric  functions  in,  276 
protein  metabolism  in,  273 
urine  in,  278 
OooaJne,  1177 

poisoning,  albuminuria  in,  1098 
glycosuria  in,  1098 
■afoolaotio    acid    excretion    in 
1098 
Goooa,  analyses  and  calorific  Talues.  1296 

purin  content,  1297 
Ooddne,  1163 
Ooilee,  analyses  and  calorific  Talues,  1296 

purin  content.  1297 
Gold  baths,  968 

heat  loss  and.  960  d  «eg. 
production  and,  961 
nitrogen  excretion  and,  964 
Coma  "  casts  "  in  diabetes,  609 

diabetic,  697  ei  sea. 
Ooneentration  of  blood  in  Issting,  28 
in  obesity,  706 
in  starvation,  28 
Oonductivity,  electricaL  See  Electrical  oon- 

ductiTity 
Constipation,  chlorosiB  and,  399 
gMtric  secretion  and,  172, 176 
mteatinal  decomposition  and.  216 

motUity  and,  207 
nervous  phenomena  in,  220 
OoQvaleecenoe,  energy  exchange  in.  68 

metabolism  dunng.  168 
Copper-poisoning,  1144 
Oorpusoles.    See  Erytiirooytes,  Leucocytes 
Oreatin  of  blood  in  lenal  disease,  491 

urtBmia  and,  462 
Ckeatinin  excretion  in  blood  diseases,  386 
in  cazdiao  diseases,  342 
in  diabetes  mellitus.  606 
in  infection,  108 
in  pulmonary  diaoases,  342 
in  renal  disease,  461 
in  starvation,  38 
Qretinism.    See  Myxoedema 
Gryosoopy.    See  IVeezing-point 
Ciuaie,  1180 

poisoning,  albuminuria  in.  1098 
glycosuria  in,  1099 
saroolactie  acid  exorotion  in.  1098 


psti 
mci 


Cysanzio  add  excvetion   in  plbosplMKus- 

poisoning,  1123 
pyolio  albuminuria,  470, 471 
Cystein.  1022 

Oysttn  in  normal  metabolism,  1022 
(^tinurja.  1021 

chronic.  1024 

oomse.  1030 

diagnosis.  1031 

etiology.  1026 

experimental.  1029 

phosphorus-poisoning  and,  1133 

protein  metabolism  and,  1025 

therapeutics.  1030 

Decomposition    in    intestine.      See     In- 
testinal decomposition 
in  stomach,  conditions  and 
of,  186 

itrio  digestion  and,  184 
cancer.  802 
intestinal  digestion  and,  187 
metabolism  and,  180 
nervous  system  and,  187 
Delayed  ohlorofarm-poisoning,  1151 
DexteinB  in  urine   m  diabetee  ~ — - 
1287 
mellitua,  677 
Diabite  bronze,  281. 781 
Diabetes.  204 

absorption  in,  622 
aoroine^;alio,  666 
ammonia  excretian  in.  698 
appetite  in.  621 
digestive  organs  in,  620 
energy  exdumge  in.  666 
faces  in.  622 

fat  from  carbohydrate  lessened  in.  518 
glycogen  depots  in,  542 
Graves'  disease  and,  1003 
insipidus,  1279 
blood  in,  1286 
digestion  in,  1285 
energy  exchange  in,  1279 
pathogeny  of.  1284 
protein  metabolism  in,  1281 
sweat  secretion  in.  1282,  1285 
mine  in.  1286 
water  economy  in.  1282 
intestines  m.  622 
Ittvuloae  utilization  in.  646 
melUtus.627 
myxoedema  and,  1004 
pancreatic,  204,  660 

^yoolytic  ferment  in  blood  in.  562 
thyroid  ffUmd  in.  661 
protein  metabaliam  in.  660 
puncture,  636 
Noal.  629 
saliva  in.  620 

aUn  diseases  and.  779,  780 
stomach  in,  621 

sugar  formation,  excessive,  in*  550 
fromfat»  656 
from  protein,  560 
suprarenal.  664 
toxio,  636,  637 
xanthoma  in.  781 
xanthosis  in,  781 
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Diftbetio  aoetonima.    See  Ketanuria 
aoidosis,  697  ei  nq. 
Uood,  614 

ammonia  in,  615 

fat  in,  616 

fennents  in,  616 

gaaee  of,  619 

slyooflen  in,  616 

nemmysin  in,  616 

iron  in,  616 

potassinm  in,  616 

eodium  in,  615 

staining  reactions  of,  618 

toadnes  in,  616 

water  in,  614 
bronzing,  281,  781 
ooma,  697  ei  seq. 

slyooeuria,  642.    See  also  Qlycosnria 
hyper^^ycfBrnia,  542 
ketomma.    See  Ketonnria 
urine, 

acetone  bodies  in.    See  Ketonuria 

albuminuria,  608 

amido-acids  in,  607 

ammonia  in,  603 

cane-sugar  in,  573 

carbohydrates  of,  571 

chlorides  of,  613 

oreatinin  in.  606 

dextrin  in,  577 

fatty  acids  in,  610 

ferments  in,  609 

gas  in,  612 

^ucose  in.    See  Glycosuria 

dyouronio  acid  in,  577 

nippuric  acid  in,  606 

lactic  acid  in.  610 

IvTulose  in,  572 

maltose  in,  574 

minerals  in,  612 

nitroffen  in,  603 

distribution,  603 
*'  residual,"  607 

oxalic  acid  in,  611 

pentoses  in,  576 

phosphates  in,  613 

purin  bodies  in,  604 

quantity  of,  602 

specific  grayi^  of,  602 

sulphates  of,  613 

uream,  603 

uric  acid  in,  604 
Biaoetic  acid  in  acute  yellow  atrophy,  288. 

See  also  Acidosis,  Ketonuria 
Diamine  poisoning,  1097 
Diaminuna,  1032 

experimental,  1034 
origin,  1033 
leoopiition,  1035  • 
significance,  1035 
Dianrhosa,  gastric  secretion  and,  172,  173, 
174 
intestinal  deoompositioQ  and,  216 
motility  of  intestine  and,  207 
Diaco  reaction,  162 
Diet,  albuminuria  and,  475 

and  endo^ous  obesity,  700 
in  diabetic  ketonuria,  592 
in  nephritis,  446 


Dietetic  disorders  and  skin  diseases,  759 
Digestion,  blood  diseases  and,  393 

oanoer  and,  798 

cardiac  diseases  and,  332 

diabetes  insipidus  and,  1285 
mellitns  and,  620 

ffout  and,  651 

m  intestine.    See  Intestinal  digestion 

in  stomach.    See  Gastric  digestkm 

light  and,  1214 

nervous  diseases  and,  1252 

obesity  and,  704 

pulmonary  diseases  and,  332 

renal  dinffflflcn  and,  436 

Rdntffen  rays  and,  1232,  1233 

skin  diseases  and,  755 

starvation  and,  22 
XMonine,  1163 

Dropsy,  cardiac,  334.    See  also  (Edema 
Drugs  and  poisons,  1061 
Drug  tests  m  renal  disease,  481 
Dry  residue  of  blood  in  blood  diseases,  402 
Ductless  glands,  difloasoo  of,  983 
Dyspeptic  asthma,  188 
X^pncsa,  compensatory,  in  oxygen  depri- 
vation, 308  el  seq. 

protein  metabolism  and,  331 

)wdeiB,  analyses  and  calorific  values, 

Eggs,  analyses  and  calorific  values,  1294 

purin  content,  1297 
Elacm,  783 

Electrical  conductivity  of  urine  in  renal 
disease,  469 
of  blood  in  renal  disease,  494 
Elimination    by    intestine,  disorders    of» 

211 
Emaciation,  cancer  and,  811,  812 
Endogenous  obesity.    See  Obesity 

oxaluria,  1049 
Energy  exchanse,  childhood  and,  878 
oonvaMscenoe  and,  68 
diabetes  insipidus  and,  1279 

mellitns  and,  566 
iaating  and,  2 
fever  and,  120  el  Mq, 
gout  and,  646 
mental  diseases  and,  1244 
mineral  waters  and,  898,  899 
myxoedema  and,  984 
nervous  difloasoo  and,  1244 
obesity  and,  693  ef  m;. 
osteomalacia  and,  1261 
overfeeding  and,  62.  68 
rickets  and,  1261 
Bfintgen  rays  and,  1222 
sclerodermia  and,  749 
skin  diseases  and,  745,  747 
starvation  and,  5 
water  intake  and,  898 
Enterokinaae,  205 
&isymes,  light  and,  1212 

Bontgen  rays  and,  1222.     See  abo 
Fennents 
Eosinophilia  in  skin  diseases,  770 
Epilepsy,  aoetonuria  and,  221 

oaroohydrate  metabolism  in,  1251 
protein  metabolism  in,  1247 
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ErrthrooyteB  in  blood  diseases,  414 
iatof,414 
iron  of,  415 
minerals  of»  415 
nitrogen  of,  414 
oxygen  oapaoity  of,  415 
^rei^t  of,  414 
in  cancer,  80^ 
infaatinff,  28 
in  renal  diseases,  484 
in  skin  diseases,  767 
in  starration,  28 
Rdntgen  rays  and,  1224 
Bnrthrodermia  exfoliati'vft,  nitrogen  meta- 
bolism in,  747 
Ethereal  sulphates.     See  Sulphates,  Aro- 
matic sulpliates,  Ihdiean 
Ether  narcosis,  acetonnria  in,  1151 
aUcalinity  of  blood  in.  1006 
glycosuria  in,  1008, 1090 
protein  metabolism  in,  1152 
respiratory  exchange  in,  1152 
Bo^obulin  in  nrine  in  renal  diseases,  470 
Exchange    of   energy.    See    Energy   ex* 

diange 
Excretion  of  uric  acid,  nrea,  etc.    See  Uric 

acid.  Urea,  etc. 
Exophthalmic  goitre.    See  Grayes'  disease 

Fnoes  in  blood  diseases,  395 

in  childhood,  844,  852,  856,  867 
fatty  acids  in,  847 
pigments  in,  848 
in  dialwtes  insipidus,  1285 

mellitus,  622 
in  pancreatic  insufficiency,  200 
in  renal  disease,  438 
in  starvation,  25 
Futing.    See  Starvation 
Eat  ahsoiption,  bile  stagnation  and*  105, 
106 
childhood  and,  866 
pancreatic  insufficiency  and,  190 
decomposition  in  blood  diseases,  3^ 
excess  m  diet  of  childhood,  882  et  nq. 
food  and  flesh  food  in  overfeeding,  60, 

80 
from  carbohydrate,  lessened  in  dia- 
betes, 548 
in  Uood  in  blood  diseases,  408 
in  diabetes  mellitus,  616 
hi  fasting,  82 
in  renal  disease,  500 
in  starvation,  32 
See  also  Lipnmia 

loss  vergua  protein  loss  in  starvation,  10 
phosphorus-poisoning  and,  1100, 1114, 

Fats  in  skin,  784 

Flatty  acids  in  acute  yellow  atrophy,  288 

in  blood  diseases,  302 

in  drrhosiB  of  liver,  270 

in  feces  in  childhood,  847 

in  jaundice,  260 

in  urine  in  diabetes,  610 

in  skin  diseases,  763 

change,  chloroform  and,  1161 

phlorizin  glycosuria  and,  1106 

phosphorus  and,  1114 


Febrile 
685 

Ferments  in  diabetes,  in  blood,  616 
in  saliva,  620 
in  urine,  600 
in  uric  acid  fiormaition,  666 


Fever,  acetone  bodies  in,  15S 

acid  formation  in,  168 

alimentary  tract  in,  164 

assimilation  of  food  in,  166 

bile  formaticm  in,  165 

blood  cells,  their  volume  in,  140 

carbohydrate  metabolism  in,  135 

chlorides  in,  163 

eneii^  exchange  in,  120 

gastno  functions  in,  164 

s^yoogen  metabolism  in,  135 

^'  heat  centre,"  puncture  oi,  and.  I4i 

heat  loss  in,  131 

production  in,  121,  123  «i  ssf. 

infective  and  other  farma  of,  1^ 

intestinal  functions  in,  165 

liver  in,  166 

nitrogen  secretion  in,  107 

phos^iatee  in,  163 

protem  destruction  and,  109 

respiratory  quotient  in,  134 

sahva  in,  164 

skin  dinoanwi  and,  745 

water  retention  in,  139 

See  also  Infection 
Fibrin  content  of  blood  in  renal  dieease,  488 
"Filtrate"  nitrogen   of    blood   in  i«nal 
disease,  486 
of    osdematoua    fluid    in    reoal 
disease,  488 
Fish,  analyses  and  calorific  values,  1S9L 


nurin  content,  1207 
Fixed  allcalis  of  urine,  ingested  alkali  and* 

1076 
nesh  food  and  fat  food  in  overfeeding,  60, 
80 
formation  in  childhood,  76 
in  oonvalesoence,  77 
in  lactation,  77 
in  muscular  work,  77 
in  pregnancy,  77 
Food  in  childhood,  837,  878 

disorders  due  to  immoper,  882 
Food-stufib,  analyses  and  oalorilio  values, 
1280  slje?. 
purin  content,  1207 
Formic  acid  in  blood  diseases,  302 
Reesing-point  of  blood  in  renal  disesss,  408 
of  gastric  juice,  mineral  waten  and. 


of  urine  in  resud  diaesse,  456,  466, 
458 
BVnetoBuria,  716 

alimentary,  718 
fVuita.  analyses  and  calorific  valnes,  15S05, 
1206 

Galaotosuria.    See  Laotosuria 

Qallic  add,  protein  metaboUsm  and,  1065 

uric  acid  excretion  and,  1173 
Game,  analyses  and  calorific  values,  1201 
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GafleoQB  exohaage.    See  Respiratory 
Oases  of  blood  in  diabetes,  619 
Qastric  aoids  in  blood  diseases,  89S 
In  oancer,  798,  802 
oanoer.    See  Canoer 
decomposition,  inflnence  on  digeBttan* 

194  etseq. 
digestion,  cirrhosis  of  liyer  and,  2376 
decomposition  in  stomach  and, 

184 
motor  disorders  of  stomach  and* 

180 
secretory   disorders   of  stomaeh 
and, 170 
ferments  in  cancer,  800 
fonctaons.  mineral  waters  and,  904 
jnice,  bactericidal  power  of,  173 
mineral  waters  and,  904 
renal  disease  and,  437 
starvation  and,  23 
nrea  in,  438 
motility,  cancer  and,  801 
disorders  of,  180 
blood  in,  181 
digestion  in,  180 
intestinal  fmiotaoDB  in,  181 
metabolism  and,  188 
nrine  in,  181 
secretoiy   disorders    of   stomach 
and,  171  > 

secretion,  baths  and,  977 
cancer  and,  798 
disorders  of,  170 

absorption  and,  178,  180 

blood  and,  176 

gastric  dimtion  and,  170 

motifity  and,  171 
intestinal  digestion  and,  172 
metabolism  and,  178,  180 
pancreatic  secretion  and,  172 
urine  in,  176 
obesity  and,  705 
▼ertigo,  187 
Gaatro-intestinal  lesions  and  skin  diseases, 

766 
General    paralysis,    carbohydrate    meta- 
bolism in,  1261 
protein  metabolism  in,  1247 
Glauber's  salt,  influence   on   metabolism, 

1063 
Globulin  of  blood  in  renal  disease,  498 
Globulinuria  in  renal  disease,  469 
Glycerin,  alkalinity  of  blood  and,  1096 
Glycocoll  excretion  in  phoephorus-poison- 

mg,  1123 
Glycogen  in  blood  in  blood  diseases,  406 
in  diabetes,  616 
in  diabetes,  depots  of,  642 
in  fever,  135 
in  liver  in  jaundice,  263 

in  starvation,  26 
in  skin,  784 
Glycolytic  ferment  in  blood  in  diabetes. 

662 
Glycosuria,     alimentary,     acute     yellow 
atrophy  and,  293 
alcoholism  and,  640 
biliary  stasis  and,  253 
cirrhosis  of  liver  and,  281 


QlyooauriA,  alimentary,  diabetes  indpidmi 
and,  1287 

ex  amylo,  641 

Graves'  disease  and,  640, 1003 

pathological,  638 
baths  and,  976 

hot.  970 
blood  diseases  and,  391 
oaffeine  and,  530 
childhood  and,  877 
diabetes  insipidus  and,  1287 
diabetic,  642 

albuminates  and,  682 

alcohol  and,  582 

degrees  of,  679 

febrile  diseases  and,  686 

glycogen  depots  in,  642 
formation  and,  647 

lactic  add  and,  660 

lactose  and,  675 

muscular  work  and,  682 

pentoses  and,  676 

saccharose  and,  673 

starches  and,  580 

sugar  unbumt  in,  644 

Tariations  in,  684 
dinretin  and,  530 

gout  and,  683 
yperglyccBmia  and,  632 
hot  baths  and,  970 
ingestion  of  acetone  and,  1098 

of  adds  and,  1068 

of  adrenalin  and,  1181 

of  alcohol  and,  1163 

of  amyl  nitrite  and,  1096 

of  aniline  and,  1096 

of  atropine  and,  1179 

of  carbon  monoxide  and,  1091, 1098 

of  chloral  hydrate  and,  1160 

of  chloralamide  and,  1160 

of  chlorates  and,  1006 

of  chloroform  and,  1160 

of  cocaine  and,  1098 

of  curare  and,  1099 

of  ether  and,  1098 

of  hydrocyanic  acid  and,  1107 

of  morphme  and,  1098,  1168 

of  nitrobenzol  and,  1096 

of      ortho-iiitro>phenol-propi<mic 
acid  and,  1096 

of  phlorizin  (see  below),  1183 

of  strychnine  and,  109i8 

of  uranium  and,  1143 

of  veratrine  and,  1098 
mineral  waters  and,  965 
nervous  diseases  and,  1261 
obesity  and,  711 
oxygen  dej^vation  and,  327 
pathogenesis  of,  628 
phlorizin,  1183 

acidosis  in,  1196 

cause  of,  1183 

conditions  influencing,  1187 

diet  and,  1189 

dosage  and,  1187 

fatty  change  in,  1196 

nutrition  in,  1194 

protein  metabolism  In,  1192 
renal  permeability  and,  629 
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» tldn  diaeMee  and,  76S»  779, 780 
starvmtkm  and.  64 
Q^youifuc  aoid*  ohernktrr  of,  727 

oanJviptioQ  ot  727.  730 

ezerstioQ  of.  727,  7S5 
mcliMM»,733 

ieraMnti  and  baoteria  and.  790 

m  blood,  728 

in  tMraea.  728 

in  urine,  728 
diabetio,  677 

preounon  of.  729, 731 
GoBOiriiOBa,  noal  fnnctiona  in,  779 
Ooaft,646 

abMrplion  in.  663 
blood  in,  678 

louooqytaa  of.  679 

moleoular  oonoentration  of,  679 

morphology  of,  679 

onGoafl^in.680 

■paoifio  gravity  of,  678 
digwiive  organs  in,  651 
flocfgy  exohange  in,  646 
hydroohlorio  aoid,  gaatrio.  in*  662 
indioan  in.  653 

intaatinal  deoompodtion  in.  663 
Bdnaral  waton  and,  949  ei  deq, 
nttroM  retention  in,  647 
protem  metabolism  in,  647 
renal  dieeaae  and,  669 
BaUT»in,652 
akin  diaeaaee  and,  782 
theory  of,  686 
tophi  In,  672 

nno  aoid  in.    See  Urio  aoid 
nine  in.  680 

aoidily  of,  682 

albumin  in,  684 

albnmoaes  in,  684 

amido-acids  in,  681 

ammonia  in,  681 

bipporio  acid  in,  682 

muMralsof,  682 

nitrogen  of,  680 

oxalio  acid  in,  683 

phoeph^m  of,  682 

quantity  of,  680 
in.  683 
(Of,  683 
,  of,  681 

nrio  acid  oi    See  Urio  aoid 

nrobiUn  in,  682 
Qtayee*  diaeaae,  995.    See  also  Thyroid 

blood  in,  1001 

chlorides  in.  1001.  1002 

diabetes  and.  1003 

C^yoosoria  in,  540,  1003 

piosphorus  metabolism  in.  1001, 

protein  metabolism  in,  997, 1002 
respiratory  exchange  in,  995 

influence  of  dzv^  on,  997 
Bolphnr  metabolism  m*  1001 
sweat  in,  1001 
thp>id  feedW  and,  1001 
nnne  in.    See  Urine 

Hamat<^Qrphyrinnria.  skin  diacases  and, 
768 


HamatoporphyrinnrJa,  solphooal  and  tri- 

onal  and,  1152 
Hamog^bin.  oancer  and.  806 
fasting  and,  28 
Bont^  rays  and.  1224 
staryation  and,  28 
Hamog^binQria,  paroxysmal,  sad  bttHis. 
976 
skin  disesses  and,  763 
HMnidysin  in  blood,  diabetes  snd,  616 

B6nten  rays  and,  1226 
Hamolysis,  bile  acids  and,  280 
Hamolytio  action  of  Uood  in  cancer,  810 

of  senm  in  Uood  diseases.  418 
Hsmophilia,  blood  in,  420 
Hemopoiesis,  arsenical  waters  and.  996 
ehalybeate  waters  snd,  935 
Iron  and.  934 
Hemopoietic  tissues  in  infection,  118 
Hwnonhage.  ammonia  excretion  sad.  384 
chk^des  of  Mood  and,  412 

of  urine  and,  374 
indican  and,  387 

oxygen  capacity  of  Uood  and,  416 
phosphates  and,  375 
protein  metabolism  and,  355 

of  Uood  and.  404 
respiratory  exchange  and,  351 
niea  excretion  and,  383 
uric  acid  exoreticm  and,  366 
See  also  Blood  diseases 
Hsmorrhagic  diseases,  skin  in,  774 
Hamo-yenal  salt  index,  459 
Ham.  analyses  and  calorific  Talues,  1290 

porin  content,  1287 
Heart  disease,  liver  functions  in,  333 
respiratory  exchange  in,  322 
See  also  Qrculatory  diseases 
Heat  centre,  puncture  of,  and  fcYer,  145 
loss,  cold  baths  and,  960  al  segf. 

fever  and,  132 
production,  cold  baths  and,  961 
fever  and,  121, 123  el  seq, 
stimulating  baths  and,  971 
regulation,  quinine  and,  1165, 1166 
sweat  secretion  in  skin  distisneo 
and,  753 
"  Hepatic  insuffioieucy,"  301 
Hepatogenous  hypeimycmnia,  535 
Hippuno  acid,  Uood  duseases  and,  392 
diabetes  mellitos  and,  606 
pmt  and.  682 
jaundice  and,  268 
renal  disease  and.  452 
Histone.    See  Nudeo-histone 
Homogentisinic  acid.  1036  H  seg. 

tests  for.  1043 
Hot  baths.  965 

unido-aoid  excretion  and,  970 
ammonia  excretion  and,  970 
phosphate  excretion  and,  970 
protein  metabolism  and.  969 
respiratory   exdiange   and.    965 
eCsegf. 
Hydremia  in  renal  disease.  483 
Hydroohlorio  aoid.  gastric,  alkali  excretion 
and,  1079 
Uood  diseases  and,  303 
cancer  and,  798,  802 
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Hydiochlorio  acid,  gastric*  ohildhood  and, 
838 
diabetea  and,  022 
gout  and,  652 
renal  disease  and,  437 

Hydruayanic  add  poisaning,  glyoosnria  in, 

laotio  aoid  ezoretion  in,  1107 
oxygen  depriT»iion  in,  1101, 
:.     1106 
protein  metabdism  in,  1107 
^rperohlorhyaria,  absorption  in,  180 
l^trio  ougestion  ana.  170 
jamidioe  and,  SS38 
mine  in,  177 
Hyperglyoamia,  diabetio,  642 
fflyoosnria  and,  632 
nepatogenons,  685 
Hjrpersthenuria,  458 
Hypnotios,  1146 

oarbobydrate  metabolism  and,  1147 
xesnixatory  exobange  and,  1146 
Hypoomorhydria  and  gastric  digestion,  171 
Hypooholia,  194 
Hypostbennria,  468 
Hysteria,  protein  metabolism  in,  1247 

Immone  sabstances  and  nitrogenoos  meta- 
bolism, 94 
Inoandesoent-liffbt  batbs,  1211 
Indioan,  blood  diseases  and,  387 
obildhood  and,  847,  875 
mmt  and,  653 
Grave's  disease  and,  1000 
test,  212 

See  also  Snlpbates,  ethereal 
Infantile  atrophy,  886 

scurvy,  889 
Infection,  90.    See  also  FsTer 
albamosoria  in,  116 
ammonia  in,  107 
bbod  in,  118 
creatinin  in,  108 
feyer  from  other  causes  and,  143 
hsmopoietio  tissues  and,  118 
nitro^  excretion  in,  107 
peptonuria  in,  117 
protein  decomposition  in,  100,  115 
urea  in,  107 
uric  add  in,  108 
Infeetiye  diseases  In  ohildhood,  881 
Inoeinic  acid,  292 
Inodt,  diabetea  inmpidos  and,  1287 
Inodtoria,  743 

Internal  secretion  of  kidneys,  497 
Intestinal  absorption,  disorders  of,  200 

decompodtion    in    intestine 

and,  217 
digestion  in  intestine  and,  209 
metabolism  and,  210 
mineral  waters  and,  919  el  §eq, 
of  water,  919 
antiseptics,  skin  diseases  and,  757 
decomnosition,  211 

bile  stagnation  and,  197 
blood  and,  219 
blood  diseases  and,  399 
ohildhood  and,  845 
constipatioa  and.  216 


Intestinal  decompodtion,  diabetes  and,  624 
diarrhosa  and,  216 
fpmt  and,  653 

mtestinal  absorption  and,  217 
motility  and,  216 
secretions  and,  215 
kidneys  and,  218, 440 
liver  and,  218 
mineral  waters  and,  923 
muscle  and,  219 
nervous  system  and,  220 
protein  metabolism  and,  222 
renal  disease  and,  440 
skin  diseases  and,  219,  756 
starvation  and,  26 
digestion,  gastric  decomposition  and, 
187 
motor  disorders  and,  181 
secretory  disorders  and, 
172 
pancreatic     secretory     disordeis 
and,  199 
diseases,  193 

elimination,  disorders  of,  211 
functions  in  cancer,  803 
in  childhood,  843 
in  diabetes,  622 
in  fever,  165 
in  jaundice,  237 
gases  of  childhood,  850 
motor  disorders,  206 

intestinal  digestion  and,  207 
metabolism  and,  208 
secretion,  baths  and,  977 
disorders  of,  194 
Iodides,  dkalinity  of  blood  and,  1096 
in  skin,  786 
metabolism  and,  1064 
Iodine,  alkalinity  of  blood  and,  1096 
in  tiiyrold  gland,  1006, 1008 
metabolism  and,  1064 
lodipin,  500 
lodothyrin,  1007 
Iron»  haBmopoiesis  and,  934 

boL  blood  diseases,  fiBcal,  398 
hsmatic,  412 
tissue,  417 
urinary,  390 
in  blood  in  diabetes,  615 
In  childhood,  absorption  of,  868 
influence  on  metabolism,  1140 
Isomaltosuria,  742 

Jaundice,  230 

albuminuria  in,  271 
bile  adds  in,  250 

pigment  in,  240 

production  in,  239 
blood  in,  259 
fatty  adds  m,  269 
glycogen  content  of  liver  in,  253 
fflyoosuria  and,  253 
nasmatogenous  and  hepatogenous,' 231 
heart  disease  and,  333 
hippuric  add  in,  268 
hyperdilorhydria  snd,  238 
intestinal  processes  In,  237 
liver  functions  and,  239 
metabolism  and,  235 
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I  in.  968 
■alphiv  in*  960 
•olphnrio  Mtd  m.  960 
mio  Aoid  i&t  868 
QiiiM  li&t  967 

KMiJn.  1162 

Ktftonnri*.  ouieer  and.  819 
dblkilMod  andt  876 
diabetiot  aekkMi  mmI,  597 
di0tand.692 
ite  peeoliaritiea,  690 
Baa  abo  Aoatonona.  Aoeteaa  bodiea 
Kidneja,  intoraal  iaoretion  of,  497 

,218,440 


intaattnal  daoompoaitioa, 
RtetMi  raya  and,  1233 
See  atoo  Banal  diaeaae 


Laohrjmal  riaada.  RSntgen  ny%  and,  1233 
Laotatioa,  toh  formation  in,  77 
Laotio  aoid.  acuta  jaDow  atrophy  and, 
290 
amyl  nitrita  and,  1096 
anwnic  and,  1137 
blood  diaaaaea  and,  392 
cancer  and,  802,  819 
carbon  monoxida  and,  1090 
cbiMhood  and,  838 
citrboaii  of  tivar  and,  279 
diabetic  ^ycoanria  and,  580 

urina  and,  610 
fermentalion  in  atomadi,  185 
gaatrio  cancer  and,  902 
oaatrio,  in  childhood,  838 
hydrocyanic  acid  and,  1107 
Aorphine  and,  1098 
nenrona  diaeaaea  and,  1266 
oataomalacia  and,  1272 
oxygen  deprivation  and,  326 
Laotoae,  diatetio  olycoaiuia  and,  575 
Lactoanria,  675,  737 
alimentary,  738 
diagnoaia,740 
geatation  and,  737 
m  childhood,  877 
LathIocc,  ntilication  of,  in  diabotea,  546 
LMToloaaria,  717 

aUmentary,  539,  718 

biliary  staaifl  and,  264 
diabetic,  572 
diaoaoaia,  721 
etiology,  719 
glyooauria  and,  717 
treatment.  721 
Lamb,  analjrBca  and  calorific  Talnea,  1290 
Lead-poisoninff,  1144 
Lauohaemia,  auramoflea  in  blood  in,  406 
ammonia  ezoTBticn  in,  384 
chlorides  in,  375 
dry  leeidae  of  blood  in,  402 
indican  in.  887 
phoephatea  in,  376 
protein  metaboUam  in,  364 

of  blood  in,  404,  405 
respiratary  exchange  in,  351 
Rontgen  raya  and*  1226.  1230 


•  775 

specific  graTi^  of  Uood  in,  401 
aolphaftee  in,  388 
anlphnr  metaboliam  in,  388 
ueaexovstion  in,  383 
uric  add  excretion  in,  369, 379 

in  blood  in,  408 
xanthin  bodiea  in  Uood  in,  407 

in  urine  in,  372 
Leodn.  acnte  yeOow  atrophy  and,  289 
bkwd  diseaaca  and,  386 
cirrhosia  of  liver  and,  280 
phosphoraB*poiaoning  and,  1124 
Leooocytea,  cancer  and,  808 
Isating  and,  31 
goat  and,  679 
radinmand,  1225 
renal  Hkionjofl  and,  484 
BSntgen  rays  and,  1225, 1226. 1227 
akin  diseaaes  and,  769 

•"*:  ^^  . 

in  nrine  in  o^gen  depctva- 

tioa.328 

lichen  planus,  nitrogen  metaboliam  in.  754 

Light,  abaorption  and,  1214 

animals  and,  1203, 1205 
devdopmait  of,  1203 
organ  formation  in,  1204 

bacteria  and,  1201,  1205 

blood  and,  1212 

digestion  and,  1214,  1216 

enxymea  and,  1212 

metabolism  and,  1199 

motor  processes  and.  1205 

penetration  of  clothing  by,  1201 
of  oiganic  tiasoesby.  1199 

plant  life  and,  1203, 1205, 1206 

protein  metabolism  and,  1214 

protozoa  and,  1202, 1205 

Tea|»ratory  exchuoge  and,  1206 

sensitiEation  and,  1215 

akin  and,  1214 
Lime.    See  (>dciam 
Lipnmia  in  diabetea,  616 

in  obesity,  708 

See  also  Fat 
Lipolyais  in  diabetes,  618 
liver,  aonte  yellow  atrophy  of.    See  Acute 
yellow  atrophy 

antitoxic  fmiotioa  in  diseases  of,  296 

cirrhosis  ol    See  Cirrhosis 

diseaaes  of,  229 

fpLycpgen  content  in  biliary  staais,  253 

in  bilianr  stasis,  239 

in  childhood.  848 

in  fever.  166 

in  heart  diseaae,  333 

in  starvation,  24 

intestinal  decomposition  and,  218 
Lymphadenoma.    See    under    Blood 

diseaaes,  Bwodo^lennhmmia 
Lymphocytes  in  skin  diseases,  760 

Magnesia.     SeeMacpeshun 
Magnesium,  blood  dinessen  and,  375 

osteomalacia  and,  1263 

rickets  and,  1267 

starvation  and,  44 

See  also  Phoaphatea 
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Maltosnria,  740 

diabetic,  574 
Mast  cells  in  skin  diaeaBeB,  771 
Meat  extracts,  analyses  and  calorific  Talaes, 

1205 
Meats,  analyses  and  calorific  values,  1290 

pnrin  contents,  1297 
Mental  diseases,  1243 

aoetonnria  in,  1256 
albominuria  in,  1255 
albomosnria  in,  1255 
blood  in,  1253 
bromine  excretion  in,  1255 
carbohjrdrate  metabolism  in,  1251 
dhloriife  excretion  in,  1255 
digestive  organs  in,  1252 
energy  exctumge  in,  1245 
dLyoosuria  in,  1251 
uctic  acid  excretion  in,  1256 
yhosphoros  metabolism  in,  1250 
protein  metabolism  in,  1247 
uric  acid  excretion  in,  1255 
urine  in,  1255 

toxicity  of,  1256 
Meronrv-poisoning,  1141 
Metaboiiun  in  acute  yellow  atrophy.    See 
Aonte  yellow  atrophy 
cancer.    See  Cancer 
other  diseases.    See  under  respective 

[^effect  of  baths  on,  977 
of  protein.    See  Protein 
Metallic  poisons,  protein  metabolism  and, 

1095 
Methylpentoses,  725 
Milk,  absorption  of  proteins  of,  852, 853 
analyses  and  calorific  values,  1294 
foods,  analyses  and  calorific  values, 

1294 
purin  content  of.  1297 
BUffar.    See  Lactose 
Mineral  bodies,  absorption  of,  in  bhildhood, 
659 
excretion  of,  in  blood  diseases,  374 
in  cancer,  818 

in  carbon  monoxide  poison- 
ing, 1090 
in  cardiac  disease,  343 
in  diabetes,  612 
in  gout,  6^ 

in  pulmonary  disease,  343 
in  renal  disease,  461 
In  skin  disease,  765 
m  starvation,  39 
mineral  waters  and,  942 
in  blood,  blood  diseases  and,  410 
metabolism  of,  in  childhood,  867 
waters,  897 

aerated.  909 
alkaline,  910,  914 
aromatic  sulphates  and,  923 
bitter,  916 
blood  and,  929 
alkalinity,  937 
concentration,  929 
formation,  934 
osmotic  pressure,  931 
oaldum,  917 
calculus  formation  and,  944 
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Mineral  waters,  chalybeate,  917,  935 
diabetic  acidosis  and,  947 
energy  exchange  and,  898 
gastric  functions  and,  904 
glycosuria  and,  955 
mtestinal  absorption  and,  919  et 
segr. 
decomposition  and,  923 
functions  and,  918 
metabolism  and,  897 
protein  metabolism  and,  901 
saline,  910,  912 
sulphur,  917 
urine  and,  941 

ammonia  of,  948 
quantity  of,  941 
minerals  of,  942 
oxalic  acid  of,  955 
purin  bodies  of,  949 
reaction  of,  944 
Molecular     concentration.     See     Osmotic 

preesure 
Morphine,  albuminuria  and,  1098 
fflycosuria  and,  1153 
Ubctic  acid  excretion  and,  1098 
protein  metabolism  and,  1098, 1153 
respiratory  exchange  and,  1153 
sarcolactic  acid  excretion  and.  1098 
Motor  insufficiency  of  stomach,  180, 183 
absorption  in,  181 
chlorosis  and,  181 
neuroses  of  stomach.    See  Gastric 
processes,  light  and,  1205 
Bontgen  rays  and.  1222 
Mucin  of  myx^ema,  990 
Mud  baths,  974 

Muscular  work,  diabetic  glycosuria  and, 
582 
fiesh  formation  in,  77 ' 
Mushrooms,  analyses  and  calorific  values, 

1296 
Mustaid  baths,  971 
Mutton,  analyses  and  calorific  values,  1290 

purin  content  of,  1297 
Myasthenia,  protein  metabolism  and,  1249 
Myeloma,  Bence-Jones  albumin  in,  1272 

protein  metabolism  in,  1263 
Myxoedema,  983 

absorption  in,  989 
albuminuria  in,  988 
blood  in,  989 
oaldum  in,  988,  989 
chlorides  in,  988 
diabetes  and,  1003 
energy  exchange  in,  984 
glycosuria  and,  1004 
mucin  in,  990 
nitrogen  excretion  in,  987 
phosphates  in,  989 
protein  metabolism  in,  985 
respiratory  exchange  in,  984 
sweat  in,  988 
urine  in,  987 

Narcotics,  1146 

oarbohjrdrate  metabolism  and,  1147 
respiratory  exchange  and,  1146 
Nephritis,  acute,  diet  in,  446 

nitrogen  excretion  in,  442 
83 
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Nephritis,  acute,  water  ezoretioii  in,  463 
ohronio,  diet  in,  447 

nitrogea  excretion  in,  443 
water  excretion  in,  464,  466 
Nephrolyaine,  495 
Neryons  djaeaaee,  1243 

aoetonuria  in,  1266 
albonunnria  in,  1266 
allramoettria  in,  1266 
blood  in,  1253 

carbohydrate  metabolism  in,  1261 
cerebro-epinal  fluid  in,  1264 
digeetiTe  orgaoa  in,  1262 
energy  exchange  in,  1244 
glycosuria  in,  1261 
phosphorus  metabolism  in,  1260 
protein  metabolism  in,  1247 
urine  in,  1266 

bromine  in,  1256 
chlorine  in,  1266 
lactic  acid  in,  1266 
toxicity  of,  1256 
uric  acid  in,  1266 
phenomena  in  constipation,  220 
system,  biliarr  stasis  and,  264 

intestinal  decomposition  and,  220 
Bontgen  rays  and,  1234 
Neutral  salts,  metabolism  and,  1062 
Nitrates,  alkalinity  of  blood  and.  1096 
Nitrobenzol  poisoning,  sl^cosuria  in,  1096 
Nitrogen  deficiency  in  cnildhood,  888 
excretion,  acute  nephritis  and,  442 
acute  yellow  atrophy  and,  287, 

288 
blood  diseases  and,  383 
brine  baths  and,  972 
cancer  and,  816 
carbon  monoxide  poisoning  and» 

1090 
cardiac  disease  and,  340 
chUdhood  and.  871 

I^osphorus  excretion  and,  874 
chronic  nephritis  and,  443 
cirrhosis  of  liver  and,  278 
cold  baths  and,  964 
curare  and,  1181 
diabetes  insipidus  and,  1286 
mellitns  and,  603, 607 
Dt  and,  647 

aease  and.  1000, 1002 
infection  and,  101. 107 
myxoedema  uid,  986, 987 
obed^  and,  700 
phosphorus-poisoning  and,  1120 
pulmonary  aisesse  and.  340 
renal  dioeaoe  and.  441 
Rontgen  rays  and,  1229, 1230 
thyroid  feeding  and,  993, 1002 
▼ia  sweat  in  sun  disease.  764 
filtrate.    See  FUtrate 
metabolism.    See  also  Protean  meta- 
bolism 
erythrodermia  exIoIiatiTa  and.  747 
immune  substance  and.  94 
lichen  planus  and.  764 
pemphigus  and,  763,  764 
psoriasis  and,  747 
skin  diseases  and,  763 
syphilis  and,  764 


gout 
Grav 


NitEOgen  of  blood.    See  Protein  of  blood 

retention  in  gout,  647 
Nitrogen-free  food  in  OTerfeeding,  69. 80 
Nitrogenous  excreta  in  infection,  107 
extractives,  blood  diseases  and,  3S3 
cancer  and,  816 
See  also  Ckeatinin*  etc. 
food  in  overfeeding,  60.  80 
Nuclem  katabolism  in  starvation*  37. 3S 
Nudeo-albuminuria  in  blood  rtiifiaiim.  3S^1 

in  renal  disease.  470 
Nndeo-histcme  in  blood  disciaswi,  391 
Nutrition,  cancer  and,  811, 812 
Nutritional    requirements    of     ohildlinwi, 

878 
Nuts,  analyses  and  calorific  Taluea,  1296 

Obest^.  693 

aOBorplaon  in,  705 
appetite  in,  704 
blMdin.706 

alkalinity  of.  708 
concentration  of.  706 
fat  in.  708 
quantity  of,  706 
digestive  organs  in,  704 
endogenous    (metabolism    rctsidsd), 
696 
daily  eneigy  exchange  in*  699 
diet  and,  700 

oxygen  ooiwromption  in*  696 
energy  exchange  in,  693, 699 
castration  and.  701 
thyroid  gland  and,  701 
water  restriction  in.  702 
gastric  secretion  in,  706 
metabolism  (normal)  and.  6M 

(retarded)  and.  696 
protein  metabolism  in,  703 
sebaceous  secretion  in,  713 
th^id  feeding  in.  991 
nnnein.  708 

acetone  in,  711 
albumin  in,  710 
nitrogen  of,  709 
oxalic  acid  in,  711 
quantity  of,  708 
su^  in,  711 
unc  acid  in.  710 
water  excretion  in,  712 
Ochronosis,  763 

alkaptonuria  and,  1038 
urine  in,  1272 
(Bdema,  chloride  retention  and,  466,  491. 
492 
in  renal  disease.  483. 602 
causation  of,  602 
chloride  retention  and,  491. 

492 
filtrate  nitrogen  and,  488 
(^igovaluria,  468 
'^       dc  acids  of  Uood  in  blood  < 


(Irtho-nitro-phenol- ntopionio  acid*  1096 
Osmotic  uressmo  of  blood,  blood  djaesses 
and.  400 
cancer  and.  810 
diabetes  insipidus  and.  1286 
mineral  waters  and.  931 
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OsteomaUcia,  absorption  in,  1270 
blood  in,  1271 

oalcinm  metabolism  in,  15203 
energy  exchange  in,  1261 
laotio  aoid  in.  1272 
•    maonesinm  metabolism  in,  1263 
patQOffenesis,  1273 
pho6|iinonis  metabolism  in,  1268 
protein  metabolism  in,  1262 
Ovanes,  radio-aotivity  and,  1283 
Ovsrfeedins,  62 
aloohoT  and,  64 
energy  ezobange  in,  62, 68 
flesh  food  and  fat  food  in,  69,  80 
Oxalic  aoid,  Uood  diseases  and,  392 

distribntion  in  food  and   body, 

1046 
excretion,  diabetes  and,  611 
eout  and,  683 
heart  disease  and,  325 
mineral  waten  and,  955 
jaondice  and,  269 
in  blood  in  gont,  680 
obesity  and,  711 
origin  of,  1048 

oxygen  deprivation  and,  325 
Oxalnxia.  1046 

alimentary,  1048 
endogenous,  1049 
estimation,  1063 
tests,  1063 
treatment,  1062 
Oxidation  processes  in  blood  diseases.  350 
Oxybntyric  acid,  alkalis  and,  1076 
Oxygen  capacity  of  blood  in  blood  disesses, 
415 
ooDsamption  in  endogenous  obesity, 

696 
deprivation,  drugs  causing,  1084 

by  action  on  cells,  1101, 

1107 
by  indirect  action,  1098 
in  diseiues  of  heart  and  InngB, 
304,305 
compensations  for,  306, 

315 
glycosuria  and,  327 
btctic  acid  and,  326 
oxalic  acid  and,  325 
uric  acid  and,  226 
Oxymandelic  acid,  288,  292 
Oxyproteio  aoid  in  urine,  116 

phosphorus  -  poisoning    and, 
1123 

Psnoreas  in  childhood,  843 
Psnoreatic  diabetes.    See  Diabetes 

secretion,  disorders  of,  carbohydrate 
in.  199.  203 
absorption  of  fat  in,  199«  200 

of  protein  in*  202 
feces  in,  200 
intestinal  digestion  in,  199 

putrefaction  in.  203 
metabolism  in,  204,  205 
gastric  secretion  and,  172 
Paraldehyde,  1162 

Paralysis  agitans.  protein  metabolism  in. 
1248 


Patent  foods,  analyses  and  calorific  values. 

1295 
PeUana.  760 

Pemj^iigus,  nitn^gen  metabolism  in.  753. 754 
Pennyroyal  poisoning,  1136 
Pentosuria.  722 

diabetic  glycosuria  and,  576 
diagnosis  of,  725 
Pepsin  secretion  in  cancer,  800 

in  childhood,  841 
Peptonuria  in  acute  yellow  atrophy.  291 
in  oirriiosis  of  liver,  280 
in  infection,  117 
in  phoephorus-poisonini;,  1123 
Pemioions  anemia,  absorption  in,  395. 396 
ammonia  in,  384 
bilirubin  in  blood  in,  409 
chlorides  in,  374 
dry  residue  of  blood  in,  402 
gastric  hydrochloric  acid  in.  393 
mdican  in,  387 

intestinal  decomposition  and.  219 
oxygien  capacity  of  blood  in,  416 
pepsin  secretion  in,  393,  394 
phosphates  in,  376 
protein  metabolism  in,  360 

of  blood  in,  404.  405 
purin  excretion  in,  368 
specific  gravity  of  blood  in,  401 
sulphur  and  sulphates  in,  388 
urea  m,  883 
uric  acid  m,  366,  378 
uroUlinin,  382 
See  also  Blood  diseases 
Peronine,  1153 
Perspiration.    See  Sweat 
Phenol  excretion  in  blood  diseases,  388 
in  ohildhood,  876 
hypotoxic  doses  and  metabolism.  1174 
poisoninff,  glycogen  loss  in.  1096 
Phlorizin.  1183 

action  on  kidneys,  1184 
glycosuria,  1183 
cause  of,  1183 
conditions  influencing,  1187 
nutrition  and,  1194 
protein  metabolism  and,  1192 
Phosphates,  excretion  of,  alkali  ingestion 
and,  1079 
arthritis  deformans  and,  1269 
blood  diseases  and,  375 
cancer  and,  817 
childhood  and.  874 
chloroform  and,  1148 
diabetes  insipidus  and,  1287 

mellitus  and,  613 
fever  and,  164 
BOut  and,  682 
Graves'  disease  and,  1001 

thyroid  feeding  in.  1002 
hot  baths  and,  970 
myxoedema  and,  989 
nervous  diseases  and,  1250 
osteomalacia  and,  1263,  1270 
phosphorus-poisoning  and,  1128 
pneumonia  and,  343 
pulmonary  tuberculosis  and.  343 
renal  diseases  and,  467 
rickets  and.  1267,  1270 
83—2 
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Fhoephatee,  excretion  of,  starvation  and. 
38.43 
in  blood  in  cancer,  810 
Fbosphatio  deposits  in  skin.  785 
Fhosphatidrosis,  786 
Fhosphatoria,  1055 
]aTeni]e,  1058 
nerrouB,  1057 
pbjsiological,  1066 
seinial,  1058 
Phosphoric  acid.    See  Phosphates 
Phosphoros  absorption  in  omldhood.  862 
excretion.    See  Phosphates 
and  fatty  liver,  292 
in  childhood,  nitrogen  and,  874 
organic,  875 
in  Graves'  &ease,  1001 
in  tissues  in  blood  dinessen.  417 
Phosphonis-poisoning,    acetone   excretion 
iQ»1127 
alanin  excretion  in,  1123 
alkalinity  of  Uood  in,  1121 
amido-acids  in,  1123, 1125 
ammonia  excretion  in,  1122 
arginin  excretion  in,  1124 
carbohydrate  metabolism  in,  1112 
chloride  excretion  in.  1128 
cyanoric  acid,  excretion  in,  1123 
cystin  excretion  in,  1123 
fat  distribntion  in,  1115, 1117 
fat  metabolism  in,  1100 
dyoocoll  excretion  in,  1123 
wucin  excretion  in,  1124 
nitrogen  excretion  in,  1120 
oxyproteic  acid  excretion  in,  1123 
peptonuria  in,  1123 
phosiihate  excretion  in,  1128 
protein  metabolism  in,  1120 
respiratory  exchange  in,  1107 
saroolactic  add  in,  1127 
sulphate  excretion  in,  1128 
theory  of,  1128 
tyrosin  excretion  in,  1124 
urea  excretion  in,  1121 
uric  acid  excretion  in,  1122 
Pigments  in  skin,  chemistry  of,  786 

in  urine  in  skin  diseases,  763 
Pilocarpin,  1177 

Plants,  influence  of  light  on,  1203 
movement  in,  1205 
radium  on,  1221 
Bontgen  rays  on,  1221 
Platinum-poisoning,  1144 
Pleiocholia,  194 
Pleiochromia,  104 

Pleurisy,  respiratorv  exchange  in,  318,  320 
F&eumaturia  in  diabetes,  612 
Pueumonia,  albuminuria  in,  343 
chloride  excretion  in,  343 
phosphate  excretion  in,  343 
protein  metabolism  in,  330 
respiratory  exchange  in,  317,  323 
Poisons   and   drugs,   influence  on   meta- 
bolism, 1061 
oxygen  deprivation  by,  1084 
Polyoythsemia,  spl^omegalic,  dry  residue 
of  blood  in,  402 
protein  of  blood  in,  404 
specific  gravity  of  blood  in,  401 


1290 


Polyvaluria,  458 

PorK,  analyses  and  calorific  ' 

purin  content,  1297 
Potasaium  excretion  in  renal  diseane,  467 
in  starvation,  42 
in  blood  in  diabetes,  615 
in  renal  disease,  491 
Poultry,  analyses  and  calorifio  values,  1291 

purin  content,  1297 
Rregnancy,  flesh  formation  in,  77 
j^rogressive    muscular    atrophy,     protein 

metabolism  in,  1248 
Prostate  dand,  Bontgen  ravs  and.  1233 
Protein  absorption  in  childhood,  852 
decomposition,  cancer  and,  813 
fever  and«  100. 109 
infection  and,  100, 100. 116 
in  stomach,  185 

products  in  Mood  in  Uood  dis- 
9es,  406 
I  pancreatic  frowiffifamey  and. 


loss  versus  fat  loss  in  starvation,  19 
metabolism,  aoetanilide  and,  1095 

acute  yellow  atroj^y  and,  2^ 

alkalis  and,  1072,  1073 

alkaptonuria  and,  1039 

ankylostomiaaia  and.  362 

antifebrin  and,  1162 

antipyrin  and,  1095, 1161 

aisenioal  poisoning  and,  1137 

arthritis  deformans  and,  12SI 

Banti's  disease  and,  363 

biliary  stssis  and,  1^ 

Uood  diseases  and,  355 

bothriooephalus  snmmia  and,  361 

carbon  monoxide  and*  1089 

cazdiac  diseases  and«328 

catatonia  and,  1248 

childhood  and,  864 

chloral  hydrate  and,  1148 

cUoralamide  and,  1148 

dilorates  and,  1005 

chloroform  narcosis  and,  1148 

chlorosis  and,  363 

cirrhosis  of  liver  and,  273 

cystinuria  and.  1025 

diabetes  insipidus  and,  1281 
mellitus  and,  569 

dyspnoBa  and,  331 

epilepsy  and,  1247 

ether  and,  11^ 

fasting  and,  7 

fever  and,  94. 100  d  seq. 

gallic  acid  and,  1095 

general  paralysis  and,  1247 

Sut  and,  647 
»ves'  disease  and,  997,  1002 
hemorrhage  and,  355 
heart  discMe  and,  328 
hot  baths  and,  969 
hydrocyanic  acid  poisoning  and, 

1107 
hysteria  and,  1247 
intestinal  decomposition  and,  222 

Jlaundice  and,  235 
euchnmia  and,  364 
Ught  and,  1214 
mental  disftsaes  and,  1247 
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Frotein  metabolism,  metallio  poisoos  aiid, 

1095 
mineral  waters  and,  901 
morphine  and,  1098,  1153 
myaBthenia  and,  1249 
myelomatosis  and,  1263 
myxoBdema  and,  985 
nervous  diseases  and,  1247 
obesity  and,  703 
osteomalacia  and,  1262 
paraldehyde  and,  1152 
paralysis  agitans  and,  1248 
peraicions  annmia  and,  360 
pbosphoros-poisoning  and,  1120 
pilooarpin  and,  1178 
pneomonia  and,  330 
ptogressive    mnsoular    atrophy 

and,  1248 
pseado-hypertrophic     masonlar 

ndsy  and,  1260 
pulmonary  diseases  and,  828 

tuberonloBis  and,  329 
pyrodin  and,  1096 
pyrogallol  and,  1095 
quinine  and,  1166 
renal  disease  and,  434 
BSntffen  rays  and,  1229, 1230 
salicyi  oompomMis  and,  1096 
skin  diseases  and,  753 
starvation  and,  13 
thallm  and,  1162 
thvroid  feedinj^  and,  991, 1002 
tontylenediamme  poisoning  and, 

of  blood  in  blood  diseases,  403, 406 

in  fasting,  28 

in  renal  disease,  497 

in  skin  dinessen,  772 

In  starvation,  28 
of  urine  in  starvation,  53 
ProtoBoa,  infhienoe  of  light  on,  1202 
movement  in,  1205 

radium  on,  1221 

Bontgen  rays  on,  1221 
Prussio  aoid.    See  Uydrooysnic  add 
neudo-hypertrophio  muscular  dystrophy, 

protein  metabolism  in,  1250 
fteudo-lench»mla,  Bdntgen  rays  and,  1232 
ftoriasis,  nitrogen  metsTOlism  in,  747 
Biyohoses,  viscSral,  221 
Ptomaines  in  intestine,  216 
Puncture  diabetes,  535 
Purin  bodies,  acute  yellow  atrophy  and, 
291 

blood  diseases  and,  385 

cardiac  disease  and,  340 

diabetes  and,  604 

Isver  and,  108 

Ront  and,  658  ei  siq. 

m  Uood  in  renal  disease,  490 

Janndice  and,  268 

mineral  waters  and,  948 

pmlmonary  tuberculosis  and,  842 

renal  disease  and,  449, 490 

Bfintgen  rays  and,  1230, 1231 

starvation  and,  37 
Purin  content  of  various  food-staffs,  1297 
Purin-free  diet,  influence  on  uric  acid  ez- 
orotloa  in  gout,  669 


Putrefactive  products  in  intestine,  212, 214, 
215 

Pyrexia,  quinine  and,    1165,    1166.    See 
also  Fever 

Pyrodin,  alkalinitv  of  blood  and,  1096 
protein  metabolism  and,  1095 

P^^Tomdlol.  alkaUnily  of  blood  and.  1096 
diloride  ezcretion  and,  1096 
hippuric  acid  excretion  and,  1097 
protein  metabolism  and,  1095 
sulphur  ezcretion  and,  1096 

Quinine  in  health,  1164 
in  pyrexia,  1165 
protein  metabolism  and,  1166 
resi»ratory  exchange  and,  1164, 1165 

Radio-active  baths,  974 

Radium,  influence  on  animals,  1222 

on  bacteria,  1220 

on  enzymes  and  ferments,  ] 

on  leucocytes,  1225 

on  ovaries,  1233 

on  plants,  1221 

on  protoaoa,  1221 

on  testes,  1233 
Bed  corpuscles.    See  EEythroojrtes 
Renal  dmbetes,  529 
disease,  433 

absorption  in,  438 

albuminuria  in,  468  €i  4 

blood  in,  482.    See  also  1 

digestioQ  in,  436 

drug  tests  in,  481 

eryStfOcytes  in.  484 

feces  in,  438 

gastric  juice  in,  437 

^obulinuria  in,  469 

ffoutand,  669 

hydremia  in,  483 

intestinal  decompositioii  in,  440 

leucocytes  in,  484 

nephrolysine  in,  495 

nucleo-albumiauria  in,  470 

GBdemain,  464 

protein  metabolism  in.  434 

saliva  in,  436 

siroat  in,  606  el  seg. 

urine  in.    See  Unne 

vicarious  excretion  in,  606 
functions  in  gonorriuBa,  779 

in  skin  cBseases,  776,  777 

in  syphilis,  778 
Beanet  secretion  in  cancer.  800 

in  childhood.  841 
Respiratory  diseases,  304 

blood  in,  334 

digestion  in.  332 

protein  metabolism  in,  328 

respiratory  exchange  in,  316 
quotient  in,  ^ 

urine  in,  339.    See  also  Urin» 
efxflhangn,  alcohol  and.  1153 

alkalis  and,  1071 

antipvrin  and,  1157 

aiBemc  and,  1137 

blood  diseases  and,  350 

carbon  monoxide  and,  1088 

chlorosis  and,  361,  ZSSt 
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Bespirfttory  exohange.  ounre  and,  1180 
ether  and,  1162 
GraveB'  disease  and.  905,  007 
hsmorrhage  and,  350,  351 
heart  disease  and,  322 
hot  baths  and,  055  et  »iq, 
lenohsmia  and,  351 
Ug^t  and,  1206, 1027 
morphine  and,  1153 
narcotics  and  hypnotlaa  and,  1146 
paraldehyde  and,  1162 
phosphoms-poisoaing  and,  1107 
pilooarpin  and,  1177 
pleurisy  and,  318,  320 
pneumonia  and,  317 
pulmonary  tnberoiiloaia  and,  318 
quinine  and,  1164,  1165 
salicylates  and,  1172 
speotnim  oolooxs  and,  1200 
sunshine  and,  1200 
▼ague  section  and,  321 
Bespiratory  quotient  in  oafdiao  diseases,  823 
in  diildhood,  860 
In  fsver,  134 

in  pulmonary  diseases,  323 
««Bhodagen,^'  007 
Biokets,  absorption  in,  1270 
alkalinity  of  blood  in,  1272 
oalmum  metabolism  in,  1267 
energy  exchange  in,  1261 
maeneeium  metabolism  in,  1267 
pathoffenesis  of,  1273 
phospnorus  metabolism  in.  1267 
Bfintgen  rays,  alexin  of  blood  and,  1226 
animals  and,  1222 
bacteria  and,  1220 
blood  and,  1224 
energy  exchange  and,  1222 
enzymes  and  ferments  and,  1222 
erythrocytes  and,  1224,  1226 
hmnofflobm  and,  1224 
hsmorpsin  of  Uood  and,  1226 
kidneys  and,  1233 
lachrymal  glands  and,  1233 
leucocytes  and,  1225. 1226, 1227 
leudismia  and,  1226, 1230 
motor  processes  and,  1222 
nerrous  system  and,  1234 
nitrof^  excretion  and,  1220, 1230 
nutrition  and,  1222 
ovaries  and,  1233 
penetrating  power  of,  1220 
plants  and,  1221 
prostate  gland  and,  1238 
protein   metabolism   and,    1220, 

1230 
protozoa  and,  1221 
pseodo-leuchiBmia  and,  1232 
purin  excretion  and,  1230, 1231 
salivary  glands  and,  1233 
skin  and,  1234 
testes  and,  1233 
thyroid  gland  and,  1233 
uric   acid  ezoretioii  and,    1230^ 

1231 
xanthin  bases  and,  1232 

Baeoharoee.  diabetic  glyeoauria  and,  678 
Saooharosuiia,  742 


Salic^  compounds,  1172 

alkalinity  of  Uood  and.  1006 
protein  metabolism  and*  1006 
Salicj^ate  of  soda,  uric  acid  iiiuiutiuM  in 

gout  and,  662 
SaBva  in  childhood,  838 

in  diabetes  insipidus,  1286 

meUitus,  620 
in  fever,  164 
In  gout,  652 
In  renal  disease,  436 
urea  in,  437 
in  skin  disease,  755 
in  starvation,  22 
Salivary  glands,  Rontgen  rays  and,  1233 
Saroolactic  acid  excretion,  aoato  jdkm 
atrophy  and.  288 
phosphorus  -  poisonins  and, 

1127 
various  poisons  and,  1006 
Sausages,  analyses  Mid   nalnrilie   vafans, 

1^  ^ 

Sclerema  neonatorum,  785 
Sderodermia,  energy  exchange  in.  740 
Sourvy,  infantile,  880 
Sea  baths,  072 
Sebum  in  obesity,  713 

in  skin  diseases,  784 
Seoretion  of  stomadi,  intestines,  paaoreas. 
See  Gastric,  Intestinal,  Fsnoreatie 
theory  of  thyroid  functioii,  1005^  1010 
RfWMiitiwUaon,  1215 

Mologioal  importance  of,  1218 

of  enzymes,  1216 

of  infusoria  and  ain|^  cells,  1216 

of  tisBues,  1216 

of  toxines,  1216 

oxygen  and,  1217 

pathological  importance  of,  1218 

theory  of,  1216 

'    importance  of ,  1218 


Seroohrome  of  blood  in  renal  diseaae,  400 
Serum,    hnmolytio   action   of,   in   biood 
diseases,  418 
FaslMB,773 

toxicity  of,  in  blood  diseases,  418 
Skin,  Uood  diseases  and,  773 
chemical  changes  in,  789 
745 
aromatic  sulphates  in.  766 
Uood  in,  766 

alkalinity  of ,  772 
concentration  of.  766 
proteins  of,  772 
diabetes  and,  770.  780 
dietetic  causes  of,  760 
digestive  svatem  in,  756 
energy  exohangB  in,  746,  747 
eoainophilia  In,  770 
erythrocytes  in,  767 
lever  and.  745 

gastro-intestinal  leaionB  and.  756 
^yeosuria  and,  763.  770.  780 
foat  and,  782 
mtestinal  antiseptics  in,  767 

deoomposition  in.  766 
leuoooytes  m.  760 
mast  oeUs  in,  771 
renal  funotioos  in.  776,  777 
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Skin  diseues,  BaliT»  in,  765 
sweat  in,  760 
urine  in.  761.    See  abo  Urine 

elaoinin,  783 

fats  in.  784 

dyoogen  in,  784 

hjBmorrhagio  diieaaofl  and,  774 

halogens  in,  786 

intaranal  decomposition  and.  219 

leaohnmia  and.  776 

Uf^t  and,  1214 

minerals  in,  786 

phosphatio  deposits  in,  786 

pgmentation  of,  786 

ttdntgen  rays  and,  1234 

sebum  in,  784 
Sodium  ezoretion  in  starvation,  42 

in  Uood  in  diabetes,  616 
Speoifio  gravity  of  Uood  in  blood  diseases, 

of  serum  in  blood  diseases,  401 
Speotrum  oolouiB  and  respiratory  ezohange, 

1209 
Splenom^^o  poIyoytiuBmia.    See  Poly- 

oytbaunia 
StMnation  of  bile,  2B0  ei  teg.    See  also 

•laandioe 
Staining  reactions  of  diabetio  Uood,  618 
Starches  and  diabetic  glycosuria,  680 
Starvation,  bile  in,  24 
Uood  in.  28 

alkalinity,  32 

ammonia,  33 

concentration,  28 

erythrocytes,  28 

&t,32 

hnmoi^obin,  28 

leucocytes,  31 

proteins,  28 

snger,  32 

temperature,  33 
body-weight  in,  20 
digestive  organs  in,  22 
energy  exchange  in,  2,  6 
feces  in,  26 

lat  Ices  wr«tM  protein  lo«  in,  19 
gastric  juice  in,  23 
fflyooaen  of  liver  in,  25 
mtestmal  decomposition  in,  26 
liver  functions  in,  26 
protein  metabolism  in,  7 
saliva  in,  22 
urine  in,  33 

acet(me  bodies,  36,  47 

amido-acids,  36 

ammonia,  34 

calcium,  44 

cUorides,  40 

oreatinin,  38 

magnesium,  44 

mineral  bodies,  39 

phosphates,  38,  43 

potassium,  42 

protein,  63 

purins,  37 

^[uantity,  33 

reaction,  47 

sodium,  42 

sugar,  64 


Starvation,  urine  in,  sulphur,  46 
toxicity,  64 
urea,  34 
Stimulating  baths,  971 

heat  production  and,  971 
Stomach,    diseases    of,    169.    See    also 
Gtastric 
in  diabetes.  621 

hydrocUorio  acid  secretion,  622 
motility,  622 
in  fever,  164 

motility  of.    See  Gastric  motility 
secretion  of.    See  Gastric  secre- 
tion 
StrjTohnine-poisoning,  1098 
Succus  enterious,  seoretoiy  disorders  of, 

206 
Sugar,  defective  combustion  of,  and  glyco- 
suria, 644 
excess  production  and  diabetes,  560 
from  &t,  666 
from  protein,  660 
excretion.    See  Glycosuria 
foods,  analyses  and  calorifio  values. 


in  blood  in  blood  diseases,  408 
in  cancer,  810 
inlssting,  32 
in  renal  disease,  499 
in  starvation,  32 
m  saliva  in  diabetes,  620 
Sulphates,  ethereal,  in  Uood  diseases,  388 
See  also  Aromatic  sulphates, 
Indican 
excretion  in  alkali  ingestion,  1079 
in  blood  diseases,  388 
in  cancer,  818 
in  diabetes  insimdus,  1287 
in  diabetes  meUitus,  613 
in  f[out,  683 
in  jaundice,  269 
in  phosphoms-poisoning,  1128 
in  renal  disease,  466 
Sulphocyamdes  in  saliva  in  diabetes,  620 
Sulphonal,  1162 
Sulphur  baths,  974 

excretion,  alkalis  and,  1076 
blood  diseases  and.  388 
chiMhood  and.  875 
cUoroform  and,  1148 
pyrogallol  and,  1096 
starvation  and,  46 
Graves'  disease  and,  1001 
neutnl,  blood  diseases  and,  356 

jaundice  and,  269 
thyroid  feeding  and.  993 
waters  and  gastric  digestion,  917 
Sun  baths,  1210 

Sunshine  and  respiratory  exchange,  1209 
Suprarenal  diabetes,  564 
Sweat,  baths  and,  976 

in  diabetes  insipidus,  1282,  1286 
in  flOut,  uric  acid  in,  677 
in  Graves'  disease,  1001 
in  myxosdema,  988 
in  renal  disease,  ammonia' in,  609 
toxines  in,  510 
urea  in,  606 
uric  add  in,  608 
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Sweat  in  Oor  diMaaes,  750 

dinioal  data,  751 
experimental  data,  760 
heat  regulation  and,  753 
nitro|^  output  in,  754 
Sjrphilis,  chlorideB  m,  765 

oonoentration  of  blood  in,  767 

erythrooyteB  in,  767 

lympbocytoeis  in,  760 

nitrogen  metabolism  in,  75i 

lenal  functions  in,  778 

Tea,  analjBes  and  oalorifio  values,  1296 

purin  content.  1297 
Temperature  of  blood  in  fasting,  33 

in  starvation,  33 
Tepid  baths,  971 

Testes,  effects  of  radio-activity  on,  1233 
Tetany,  calcium  retention  in.  867 

gastric  auto-intoxioation  and,  188 
ThalGn,  1162 
Theory  of  gout*  685 
Thyreo-globulin,  1006,  1007 
Thyroid  administFation,  991 

chlorides  in,  993,  1002 
Graves'  disesse  and,  1001 
metabolism  in,  994 
nitrogen  excretion  in,  993,  1002 
obesity  and,  701,  704 
protein   metabolism    in,    991, 

1002 
skin  diseases  and,  749 
sulphur  in,  993 
gland,  active  substance  in,  1006 
arsenic  in,  1010 
carbohydrate     metabolism    and, 

1003 
diseases     of,     988.      See     also 

Graves'  disease,  MyxoMiema 
iodine  in,  1006,  1008 

Qcreatic  diabetes  and,  561 


panel 


ntsen  rays  and,  1233 
theones  of  action  of,  1005, 1010 
Thyvo-iodine,  1006  ei  ee^. 
Tissues,  glvcuronic  acid  m,  728 
Toluyienediamine,  alkalinity  of  Uood  and, 
1096 
chloride  excretion  and,  1096 
protein  metabolism  and,  1005 
Tophi,  gouty,  672 
Toxicity  of  blood  in  cancer,  810 
in  diabetes,  616 
in  renal  disease,  494 
in  skin  disease,  772 
in  ur«mia,  494 
of  serum  in  blood  diseases,  418 
of  sweat  in  renal  disease,  510 
of  urine  in  cancer,  820 
in  cardiac  disease,  344 
in  pulmozuffy  disease.  344 
In  renal  disease,  480 
in  skin  disease,  763 
In  starvation,  54 
In  Weil's  disease,  298 
Toxines,   gastro-ifltestinal,   in  childhood, 

850 
Transformation  of  energy.    See   Snergy 

exchange 
Trional,1152 


Tuberonloeis  of  Innn,  phoephatea  in.  343 
protein  metab^ism  in,  320 
porin  exflcetion  in,  342 
respiratory  exchange  in,  318 

Tyrosin,  acute  yellow  atrophy  and*  289 
blood  diseases  and,  386 
oinhoeis  of  liver  and,  280 
phosphorus-poisoning  and,  1124 

Underfeeding.    See  Starvation 
Uraamia,  500 

alkalinity  of  blood  in,  485 
chlorides  in,  491 

retention  of,  466 
creatin  in.  452,  491 
"  filtrate  "  nilzogen  of  blood  in.  487 
potassium  salts  in.  491 
toxicity  of  blood  in,  494 
ana  of  blood  in.  487,  489 
uric  add  in,  490 
Uraoinm-poisoning,  1143 
Urea  exoretion  in  acute  yellow  atropby.  287 
in  blood  diseases,  383 
in  childhood,  872 
In  cirrhosis  of  liver,  279 
in  diabetes  insipidus,  1286 
in  diabetes  meUitos,  603 
In  «Mit,  681 

in  Graves'  disease.  1000 
in  infecti<Ni,  107 
in  phosphorus-poisQning.  1121 
in  renal  disease,  by  flwferio  jinoe, 
438 
by  saliva,  437 
l^  sweat,  506 
l^  urine.  447 
in  skin  diooasos,  761 
in  starvatiott,  34,  36 
formation  in  biliary  stasis,  266 
m  blood  In  lenal  dissase,  486»  489 
Urethane,  1162 

Uiio  acid  excretion,  acute  yellow  alrophy 
and,  291 
alkalis  and,  1075 
benaoio  aokl  and,  1173 
bothrkraephalni  anamia  and. 

367 
onoer  and,  816 
osidiao  disease  and.  341 
childhood  aoMl.  872 
cbkntMM  and.  368 
diabetes  inalpidni  aod.  1286 
diabetes  melfitiM  and.  604 
gaOic  add  and.  1173 
goat  and.  657,  666»  677,  678 
Graves'   disease  wid.  1000, 

1002 
hamonfaage  and.  366 
Infection  aod.  106 
laondioe  and.  266 
leachnmia   and.    369.   379. 

1230 
mineral  waftsn  and,  944.  949 
nervoos  diseases  and.  1SKS5 
obedty  and.  710 
oxygen  deprivatian  and.  325 
pemidooa  annniia  and.  366, 

378 
pnlmonacy  disaaass  and.  341 
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Urio  aoid  excretion,  renal  diseaees  and*  449 
via  sweat,  608 
B5ntffen  rays  and,  1230, 1231 
salioj^tee  and,  1172 
skin  diaeaaea  and,  762 
In  Uood  in  blood  diseaaes,  408 
in  govt,  667,  669 
in  lenal  diaeaae,  489 
infarct  of  infancy,  878 
in  gout,  666 

deposits  of,  672 
excretion  of,  aonte  attacks 
and,  666 
under  ordinaiy  diet,  667 
under    puiin-oontaining 

diet,  660,663 
under    purin-free    diet, 

669 
Tia  digestive  tract,  678 
ferments  and,  666 
in  blood,  667,  669.  670 
in  sweat,  677 
pnrin  bases  and,  668 
sources  of,  666 
in  sweat  in  Rout,  677 
in  renal  disease,  608 
Uricnmia  of  gout,  causes  of,  670 
Urine,  acute  yellow  atrophy  and,  287 
alkali  ingestion  and,  1074 
ammonia,  1076 
aromatic  sulphates,  1076 
chlorides,  1079 
fixed  alkalis,  1076 
oxybutyrio  acid,  1076 
phosj^tes.  1079 
reaction,  1074 
sulphates,  1079 
sulphur,  1076 
uric  add,  1076 
baths  and,  976 
acidity,  976 
albumin,  976 
ammonia,  976 
lactic  acid,  976 
minerals,  976 
quantity,  976 
sugar.  976 
biliary  stasis  and,  267 
blood  diseases  and,  381 
acetone,  392 
freezinfl-point,  381 
iron,  390 

nitrogenous  bodies,  883  el  seg. 
pigments,  381 
proteins,  391 
quantity,  381 
reaction,  382 
spedfio  navity,  381 
sugar,  391 
toxicity,  389 
cancer  and,  816.    See  also  Oaooer 
oardiao  disease  and,  339 
albumin,  342 
nitrogen,  340 
quantity,  339 
childhood  and,  870 
acetone  bodies,  876 
albumin,  877 
amido-aoids,  872 


Urine,  childhood  and,  bile  pigment,  876 
indican,  876 
nitrogen,  871 
phenol,  876 
phospluxrus,  874,  876 
quanti^,  871 
suffar,  877 
su^ur,  876 
urea,  872 

uric  add,  872,  878 
dfrhosis  of  liver  and,  278.    See  also 

CSrrhosis 
diabetes  indpidus  and.    See  Diabetes 
indpiaus 
mellitns  and.    See  IMabetio  urine 
gastric  motor  disorders  and,  181 
secretory  disorders  and,  176 
gLyonronic  acid  in,  728 
gout  and,  680.    See  also  Gout 
Ghavee'  disease  and,  999 
ammonia,  1000 
indican,  1000 
quantity,  999 
urea,  1000 
uric  acid,  1000 
mental  diseases  and,  1266.    See  also 
Mental  diseases 
toxidty,  1266 
mineral  wateis  and,  941.    See  also 

Ifineral  waters 
myxosdema  and,  987,  988 
nervous  diseaaes  and,  1266.    See  also 
Nervous  diseases 
toxidly,  1266 
obedty  and,  708.    See  also  Obedty 
ochronosis  and  colour  of,  1272 
pulmonary  diseases  and,  339 
albumin,  342 
nitrogen,  340 
quantity,  339 
renal  disease  and,  441 
albumin,  468 
albumose,  473 
amido-adds,  448 
ammonia,  449 
caldum,  468 
chlorides,  461 
oreatinin,  461 
drugs  in,  481 

electrical  conductivity,  469 
euglobulin,  470 
freedng.point,  466,  466,468 
globulin,  469 
hippuric  acid,  462 
miniBrals,  461 
nilzogen,  441 
nudeo-albumin,  470 
phosphates,  467 
potasdum,  467 
purins,  449 
quantity,  463 
sulphates,  466 
toxidty,  480 
urea,  447 
uric  acid,  449 
skin  diseases  and,  761 
albumose,  762 
ammonia,  762 
fatty  acids,  763 
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Urine,  ddn  diseases  and,  hmnatopocphjrin* 
763 
hemoglobin,  703 
minerals,  765 
pigmentB,  763 
reaction,  761 
sugar,  763 
tozines,  763 
urea,  761 
nrio  acid,  762 
starration  and.  33.    See  also  Starva- 
tion 
rrobilinuria,  241 
cancer  and,  818 
cblorofonn  and.  1148 
enteiogmons,  246 
goniand,  682 
hematogenons,  243 
hepatogenous,  243 
histogenetio,  244 
nephrogenoos,  244 
Uzoleaoio  aoid,  1037 
i  tests  for.  1044 

Uroproteio  acid.    See  Ozyproteio  acid 
Urticaria,  760 
blood  in,  776 

Vagus  section,  respiratory  exohange  in,  321 
Ve&l,  analyses  ana  calorino  yalnes,  1S90 

porin  content,  1207 
VM»tables,  analyses  and  oalorifio  values, 
l4        1282, 1203 

I    porin  content,  1207 
Vcratrine  poisoning,  1008 
Veraial,  1162 
Vertigo,  gastric.  187 


Viscosity  of  blood  in  cardiac  i 

in  pulmonary  diaeaae.  338 
in  renal  disease,  496 

Water  absorption  from  inteeitine.  019 
content  of  blood  in  natlum  and  pul- 
monary disease,  334 
economy  in  diabetes  insipidnB.  1S82 
excretion,  acute  nephritis  and,  453 
obesity  and,  712 
renal  disease  and,  453 
staxration  and,  33,  34 
influence  on  metabcjism.  1002 
intake,  childhood  and.  868 

o<moentration  of  Uood  and,  089 
energy  exchange  and,  806 
restriction  in  obesi^,  702 
retention  in  fever,  139 
Waters,  mineral.    See  Mineral  vatera 
Weifdit  of  body.    See  Body-mi^t 
Weirs  disease,  toxicity  of  urine  in*  296 
Weir-MitoheU  treatment,  75,  80 
Wines,  analyses  and  calorific  values.  1297 
porin  contents,  1297 

Xanthin  bases,  blood  diseases  and,  998 

lencbttmia  and,  372 
in  blood,  407 

Bonlflen  rays  and,  12S2 
Xanthoma  diabeticonim,  781 
Xanthosis  m  diabetes,  781 
X]ioae,724 

Yeast  tementation  in  stomach,  185 

Zinc,  inflnence  on  metaboliBm,  1144 
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